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I. Title
O Water solubilization and product development of ceramide using nanoencapsulation with

starch

I . Purpose and necessiy on development of research

O  Ceramide i1s an intercellular lipid component in the stratum corneum of the
epidermis as well as a fatty acid bound to the amino group of sphingoshine. It is
soluble only in organic solvent.

O A diversity of the previous studies revealed ceramide acts as whitening,
moisturization, enhancement of skin protection, and mitigation of atopic dermatitis
symptoms. Therefore, supplement of ceramide is considered to be effective in
maintaining skin homeostasis and preventing and treating dermatosis.

O There is a study that these cermide’s abilities can improve skin function by
oral administration and intake through digestive tracts as well as by direct dermal
administration.

O Its functionality demonstrated by oral administration infers that ceramide has
a big market potential as a functional food ingredient

O Ceramide is usually emulsified and applied in its emulsion form to cosmetics
because it's an insoluble aliphatic compound. But, it has a problem that its application
to food decreases palatability.

O Starch consists of amylopectin and amylose. Generally, such linear starch
chain (in particular amylose) has specificity that its inclusion of hydrophobic
compound makes a constant form of complex. This kind of complex is spontaneously
generated by thermodynamically stable reaction.

O Ceramide included in nanosized starch complex gets soluble and can be
expected to have stability against external environment and enhance bioavailability in
body.

O At this moment, we have insufficient basic knowledge on generation of the
nanoparticles, and also necessity to identify physiochemical properties of the nano
particle, establish its efficient generation process and develop a process enabling

product diversification.

M. Contents and range on development of research
1) Production technic establishment of nanosized starch complex
O Production of nano particle by molecular self-assembly

O Crystallization by forming the complex



O Analysis of reaction yield improvement by homogenization and stability—improving

effect of particle dispersion

O Analysis of coagulation preventable effect by a variety of drying method

O  Analysis of particle size shrinkage effect by nanosized pulverization and
fragmentation

O Securement of product stability by efficient drying and pulverizing method

2) Identification of physiochemical features of nanosized starch complex
Measure of particle size distribution
Analysis of particle crystal structure

O

O

O Research of heat transfer properties
O Research of rheological properties
O

Morphological study

3) Test of storage stability, safety and functionality of nanosized starch complex
Storage stability analysis of nanosized starch complex powder

Storage stability analysis of nanosized starch complex solution

Analysis of in vitro digestion and release pattern of nanosized starch complex
Analysis of ceramide absorption in blood by in vivo oral administration

Toxicity evaluation of single-dose nanosized starch compelx

O o0 O O O O

AMES test of nanosized starch complex

4) Application of nanosized starch complex
O Selection of optimal mixing ratio and preference in foods and cosmetics
O Shelf life test of foods and cosmetics including nanosized starch complex

O Stability test of foods and cosmetics including nanosized starch complex

5) Establishment of mass production process

O Economical system development

O  Economic Comparison of efficacy and economic feasibility with the other
established complex.

O Prototype preparation

O Sensory test by test marketing execution

IV. Results on development of research
1) Production technic establishment of nanosized starch complex

O Established optimal condition by testing diverse reaction for production technic of
nanosized starch—ceramide complex

O Optimal condition

- Dispersed ceramide in 0.5 mL ethanol in batch system and then liquefied by



stirring at 50C for 1 hour
- After poured the ceramide solution into dextrin solution, reacted at 50C with pace

of 550 rpm for 2 days.

- Put the solution at 25C for a day and centrifuged of the generated complex

- Collected the optimal complex after drying

O Ultrasonic pulverizer can reduce a part of micro space in the complex into nano

space
O Observed coagulation regardless of drying method due to aggregative property of

V-amylose

2) Identification of physiochemical properties of nanosized starch complex.

O Identified the average size of the generated complex as 100 nm or less.

O TFound with DSC the melting point of the starch-ceramide complex is near 105T,
confirming the formation of V-amylose

O  Observed producing condition—-dependent shapes and sizes of the complex using
TEM

3) Test of storage stability, safety and functionality of nanosized starch complex

O Checked Starch—ceramide complex solution has more than 3 month of
microbiological stability.

O Toxicological opinion regarding to dosage of the test material was not
acknowledged in single dose oral administration of nanosized ceramide complex to SD
rat. Its fatal dose is more than 2000 mg/kg B.W.

O AMES test of bacteria displayed revertant was not introduced from the bacteria
tested under this condition (negative).

O The largest amount of starch-ceramide complex was released by digestive enzyme
for 6 hours, the same time of normal food delivery through small intestine.

O Oral administration of starch-ceramide complex solution to SD rat revealed the
absorption rate difference of physical mixture is more than 200% in the serum group
whose blood was gathered 6 hour later than their administration.

4) Application of nanosized starch complex
O Prepared 3 kinds of beverage including nanosized ceramide complex (banana flavor

PI 3.75/5.0, Apple flavor PI 3.6/5.0, Schisandra chinensis fruit flavor PI 3.7/5.0).
O  Prepared 3 kinds of cosmetics including nanosized starch—ceramide complex

(lotion, eye cream, anti-wrinke balm) .
O Ascertained storage stability, freezing/melting stability, heat resistance and pH

stability of the prepared beverage and cosmetics.

5) Establishment of mass production process
O Established mass production process of nanosized starch—ceramide complex for its

commercialization.



O 126 participants showed PI 5.01/7.0 in the test—marketing result of the bheverage.
O 50 participants showed PI 5.01/7.0 in the test-marketing result of the cosmetic.
O More than 58% presented their repurchase intention in all of both results.
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[29 3] Amylose complex with fatty acid (Godet et al.. 1993)
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(Defatting)< 7]<€9] 2 248 DMSOE £-43 Wi 4l Na
Ndste] ARESEATE o FF GAE--Aguio]l =
A7] Sgkolvt.

d2ed (20g, dry basis)S NaOH £ (1M, 200mL)o| #4F Azl WHES
1 =<l $ 800mLe &S ol sAAFAY. 2 § NaOH® &3¢ HCl IM)E
A g9 FAAY. A 855 8 "aEY g9 Autoclave M (121
)& st 95% ot (GL)E o83 HAER-S IAE FRsiiith A4E
1’/] 4 (3500 rpm, 10 min)e T3 A= JHE I5d GRE-LLS 70%
|83t 23]o] AA AHstHon, Ao = Foi AxAIAH FEHYH
=3
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T 950 %9 FAEQ DS-CERAMIDE-Y30E FAtol A Alaol 3o o] &3¢
Aol =¢] 38418 CxHnNOE ¢F 86C Y =2 §4& zha 9}
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[2¥] 1] Algrtol= B} 7%
U, AEiele]l= AR B3 ¥4 wH

[e =]

(1) Two-phase system

dA2EY 250mgS 1M NaOH 2mL)el 23 wrkag-S 53|
[e]

-
_6,‘_ /])ﬂ o=

597, 2lmL), 53 (IM HCl, 2mL)9] A& A
A 1% (w/v) 9AEZ &8 A=z

!
gred gl AaEd QR Lol AFHAS )

!

121 Col A 20827 7Y (Autoclave &-g)3lo] gl A~E7 f A
dds &aAF

!

S0C/HA WA gxed gojo] vel Axs Agvels &

=

(ceramide 30mg-S isopropyl ether 25 mL%¥+= 35 mLo| #4F

LN

S 50TCoAA 1A &t S F3l &3l)E AlAE] Fof H
7} &
)
A ~E Y} Agutol=rt &3ts folo] 7l hottle WS = 9
4 o H 2 (isopropyl ether)”7} 582 4 Q%= holeo| U+

mA o g Yot}

3L AN

EelA A4 wh&S 50T dry oven AolA 550rpme] £x = wyk
aloll 2 &<t &3t ojAxZEA oH 2V By FET] A7t
Ae AA2EY & 23 o]AZ R JEHE Fo| 4o]A &= IH

2 EAHA ol F e A (Two-phase)s ] FATh
l
ABAIZE 5 FAE HFA &4 AAE 4 10, 25T A4 v E &
Lol A 244 7F Al HAZe Fegm daeEd-Heirtoln 23
AE dA s
l




ol YA E (CR-21G, Hitachi, Japan) 34-& E3to] 343+
(5,000 x g, 15%)

3 E B3 = 2407 B T4 Ax (DRC 1000, EYELA,

Japan) & EEAIRE fo] FHo] R3S

d2Ed 250mge 1M NaOH (CmL)el ¥ il wwkabAd g E3
=9 & 34 (FFF, 2lmb), 53 (M HCL, 2mL)9] #AE AA
1% (w/v) 992Ed] & Ax

gaEd golo] HATH (BRI, oMY e AE 9T

121 ColA 2087 7149 (Autoclave &-g)3te] )l ~E7 LHS 9
sl g3AZ

!

S0C7HA ¥7td g 2~Ed G wg Azxd Agvtol= §H-S
(ceramide 30mg-S ethyl alcohol 2.0 mLel ¥4t Z
o ks Fal A F)) AAfE] Fol Hrhsh

!

Two-phase system¥} €7 dAEdy Agrtol=r) &g & of
o] ©7l bottled openH o] A &= HFH4 oz WA}
LA 94 w2 90C water-bath “Foll A 550rpme] == W
=]

Faboll 12417 BoF W83kl o Two-phase system¥} &
3l}2] phase (One-phase)®HS o] F1t}.

ol YA E (CR-21G, Hitachi, Japan) 34-& E3dto] 3543
(5,000 x g, 15%)

!
F5E BEIAE 24N SO B 47 (DRC 1000, EYELA
Japan) & ¥@Am g do] FAo 5839}




2.

4wy

ri

7 eaEw ) Adetol s g

d F AEE 01%w/v) sEE = #4171 § 1217TC, 2083 7Hdske] ¢

=
falAzl F #HE-34EE (Dubois et al, 1956)°]  9)8]  Spectrophotometer
(Ultraspec 2000, Pharmacia Biotech, England)Z o] &3}o] 490nm oA A =3} ).

Aetutol= F= AHE Isopropyl alcohol/water (7:3,v/v)el 01%(w/v) s&&E #
A7 F S0TAA 1A B Aol 28 $E9 ¥ HPLCE B%sl® A3k, o 76
ol Al Ageto] =] ¥ =7} 2o gl

FE

= HPLC-RI system

A ¥ TSK GEL silica-60 (Tosoh Bioscience, Montgomeryville, PA, USA)
7AZ%7]  Refractive index (Shodex RI-71, Tokyo, Japan)

o] Isopropyl alcohol/water mixture (7:3, v/v)

+ % 04 mL/min

XA 3 efE

X-ray diffractometer MO3SXHEF22 MAC Science Co., Ishikawa, Japan

SAAN 40 kV
SAARF 30 mA
AW 4~30" (26)
FASE 1.0°/min
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AAge Fujel BEAE YR IS B

b Agpelel= AR A A%

Ceramide. Ceramide-Dextrin
Control 2. Control 2«
in water: complex: |
TR e o S L -~ WLt > -

A E Zo AEAT (0.1%, w/iv) — ZEAUOAE

3

Differential scanning calorimeter Seiko DSC 6100, Chiba, Japan

B

o

>

bt
]

B
o,
rfo
i

N
R
1y
e

5 C/min

RNEE

ri
i)

)
s

ael

ri
e
o
o

71 7]

Zeta-sizer 3000HS Advance (Malvern Instrument GmbH, UK)
Ultrasonicator (VCX 750, Sonics & materials Inc., Newtown, CT, USA)
Homogenizer Ultra turrax T25 (IKA WERKE, USA)

Dynamic light scattering detector (Dynamic Titan, Wyatt Technology,
SantaBarbara, CA, USA)

=

tol 843 (5000 x g, 15%) — 3|3
o] &3k &3 (11,000 rpm, 30
o] &3] wlolam w9le HIAE
A2 Zeta potential (25T, pH 5.85) %

(80% amplitude, 5%-71)
Fom olgdt Ux &

>0
o

ok R

(29 2] Aepelol=-samd BYAG gET wa
(Control 1; ceramide was excluded from the sample.

In control 2, dextrin was excluded from the sample.)
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Temperature ("C)
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Scattering angle (28)
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[Z¥] 3] Two-phase W2 (50Tl Al 43+ 3

=
=

two—phase ]2 DSC2} XRD ZA¥}olt}. DSC

ol °f 105C ¢

1 LEbsE o™, of 86C ¢
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L
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=

;‘Q—Q

A3t 27)e) ¥}

B34 2] dissociation &=

o
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o

© % V-amylose@}

120°C 7FA] ¢

¥ o] V-amylose
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a2 | I W

BCTHFEH =4

-
1.

' (Godet et al, 1995) HE w7
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of dojit Az Abrdnt (XA AR 7° (20) F-Zol A HHAl Al FeshA x
IR el o R R = P i )

Diffracted
intensity
T 25"
T o
s
4 g 14 18 24 23
Scattering angle (283
&
= Tl
- //—/—\_/"_/\1-::-“(:
=
z
& :Lnu:nmw]
l I | T T 1

[Z2% 4] Two-phase W2 (B0TeolA 4843+ &
=5 (4, 10, 25TC)oll A A3l wE H3HA 9

Hih Agpetol =7t HRAE o] F= Hl & 2

= Ao fur o] vgd 2% SRR

% 3 sk &t AFEE o= 13°9 20° (2

HAE HolE V6, 7xE HAth wEA Agvtel= EAEL helix
=

= "aEde] w5 R 8 B-type ZLe|sgo] I
2 BT vE AATFE JEl (17°9 23° (20))5 Kol
F3h= 4T 2 10CoAAE g9aedy gl x5 A}
=

TrollA AAgE AZe] AHo= 25CHY= ¢
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He gl ddo] B (25Tl 24A3F Fete] AA7|3hE A

A7) (29 61 HiEd gojo] A% ol¥g (20 mL)E o8] Aerie| =g o3
A7 g g A7)
%

) [€)
of 594 @& 53 batch ®29] XRD DSC Aotk XRD &
Z V-6 (13°, 20° in 20)& wlom, 17°(20)004 A

A2 th DSC Aol A= 100C FFollA] broaddt 3 =7} <F3)
Al vebdS #Ed & dsle™ of 130Tl A exothermicd ¥ = gk #aE v A
A @Al FofshA Hgk MEtviol=o] = (T8ET)I7F B A o= =A e
=t
gl 0.1% (wiv) DS ceramide __/__/_\'““--____)I .
;
mo—- l..
el ﬂ,
g |
-E 400 ! .
o | 0.1% (wiv) Oryza ceramide | || \
1 _— 2 g
Time (min)+
[28 7] 222} Algprtol =g} F4b Algfwlo] 28] FolAd
N = =N 1'1\
g 0s0- DS ceramide (0.8%wiv) « [ [ X
) B
E sk DS ceramide (0.4%,wlv) «

7582

Yolts
=]
h
o
1

\

/

1]

DS ceramide (0.2%, wiv) « I

7.887 ,J

0.50 DS ceramide (0.1%, wiv) « f \

2.5

Yolts

7609

5.0

=
[

10.0

Time (mirn)«

[2¥ 8] HPLC-RI Al&=gls o] &3k =1t A ghvrtoj=o] A4



1200 ¢
y =13118x + 11275
1000 f R* = 09994

800
500 |

400 r

» £JTsuUL)U]

200 r

0 0z 04 08 0.3 1

Concentration (%).

[Z29 9] HPLC-RI A|2=¥l-8- 283 Aegvlol= AA 24

A7 ¥ 7E FAkelA] AlERe £x 95%9Y FAAEA Aetviol=el BAoA FE3H
% 3% ould Advielmel Awe wwd amviEagslelt 5% Ml
768U A A7 B, 3% Agvlol=E 78FoA =t Ayt 0.1%
(w/v)e] 28 Tx=Z A dLon B33 3% Adtrtelrze AL ml$ Ju ye d=
W ARG g B Ao E v £ Ao =E olfd HIAE IAd =
e ou 7t givka Beslel 3, 95% A etuto] =& o] g3te] Ad o] st 9 &
H3E olaxay 438 3729 389},

rir

|

28 9% 95% Algbrtol= 16 mgs olAxEd ¢ag 2 mLE R(B0T, 1AZHAA
grddon Aadn. EEENe TEANE ohzZEd IEE I § 4
2mg/2mL T&7F HEE UE
o ZAEe] TEAALAL

j e . [}
wo] GyEH AAA FEE Mvtol=E FAG F HFA PFAHE A= B Ao

tH(J . KoreanSOC. Appl.Biol. Chem.50(1),72-76(2007)).



5 6
*  ceramide
a4 = dextrin
} L 5.5
£ . g
@ =
=) a4
[ TR =
e P
8 =
- iz 53 B
=
a=) W
@ oo 4 o
= o
:;_
[+ a2
* 1 1
ﬁ:l T T rl‘
Two-phase  Batch system®
system®

[28 10] ¥7F% & 94 (Batch and Two-phase system)S £3] 34+
grEd-Aeeiel = BitaAlle] HaEu Adviels £4
a; Two-phase system was performed at 50C for 2 days and then stored at 25C for 1 day.
b; Batch system was performed at 90°C for 12 hr and then stored at 25C for 1 day.

E3LA ot &A4)3)= Aﬂﬁ}ﬂ} ] 9} daEde] &3 5 batch #¥4)°] two-phase %
Aut 2 Ao ® ek B qlo] EA43l= g2EY &2 55% (two-phase
W), 5.29%  (batch HM)QE ;3 Aol 7h gl spARE, AlEmte]l =] A 24.8%
(two-phase W2)), 46.8% (batch ®2])S. 2 batch HW2lolA 1.89w] ] =A yebwl w
3}/‘1 dAEQ: Adgrto]=eo] A& °F 211 (two-phase™2]), ¢F 111 (batch®2]) 2

¥3%t5 o] Q¥ homogenizatione %3k WS-8 It T

100 =
/it hout treatment
&0
60
40
i
5 ke :
100
' ;0 %5 amplitude, 3 min| [ 0 39 amplitude, 5 min| = .0 % amplitude, 7 min)
8o
£ 6o
wn
E 4o
= 4
0 .
o : : ! : : L _ :
100 -
== 50 54 amplitude, 3 min] (w520 3 amiplitude, 5 min] ' B0 % amplitude, 7 min
8o
6o
40
"k b
. , .m0 , _ ‘

10 100 1000 10600 10 100 1000 10000 10 100 1000 10000
Hydrodynamic diameter (nm} Hydrodynamic diameter {rim) Hydrodynamic diameter (nm)

(79 1] 285 £4718 AL BFA 9= 2

Fl

5}



1

0.
H

H

=

3te 200~300 nm =L7] 9]

5

-

1.

=

=

s

5

S27HA Aol

1
A2

5

I

Al qke] eF 80%¢l

3
AN 80% Fo| M= 50 nm O]
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Dual® .
A o)

. O

Homogeni-
zation .

Sonication®
11,000 1pm, 30 s

¢ Dual:sonicationtreatment after homogenization

J.Tl

Without
treatment

.40 4

40 -
a Sonication : 80% amplitude,5 min

b Homogenization :

Zeta-potential{m

Ape] =2717F A2 A 30 mV (
0.61£11.5 mV¢]

(28 12] v}
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28, Agrlol= vhe ARBFA oA 54 7

AR 2 Wy
7h AEAR
(1) 92E9 (Dextrin, DP, 311)

70 % o] e ofdE= s VMAA Y Aol =EZ= HE (Hylon VID-S National
Starch & Chemical company (Bridgewater, NJ, USA) 258 TU3te] AdAQzs=2 ALE
s,

ol R = HES o83 dAEZY AXE Robyt et al. (1996)¢ WS wrgkoh

ol 2= HE (25g, dry basis)e FFLAE (100 mL)el #2271 3 0.36% (v/v)
HCl (¢F ImL)-S #7sle] 20CoA AE2 7l=E31E A2sau. 7243 & QAE
(3500 tpm, 10 min)E %3] HAELS 53 70% o8 o] &dto] 2329 A 23}

A 8z (40T, 244705 F8fl DP, 3119 HAE"-S A3

cElmER el EASE lpidsh ¥iEdze] BgA 34e T
(Defatting) € 712] & <217 DMSOE #48 W4 04 NaOHE o &3 T4& A%

A Adetel AHgstaTh olE FF diEU-deetel = g
F 97 Aol

d2EY (20g, dry basis)e NaOH &< (1M, 200mL)el £4F Azl & wdtdAs &
g =2l % 800mLe &S wol FAAAT. 2 NaOH$ %<2 HCl (IM)<s ol 4
2EY 848 FAZALT dASd {35 9 9rED L9 Autoclave HE] (1217C,
2075) 8 Zastlon 959% olEE (BL)e ol&@ HAEWS] HH& FRsth A4
2l ¥4 (3500 rpm, 10 min)E& T3 FHd=9Y FEHZE Igd dA2EHLS 70% o E@&
o]-§sto] 23lo] AX AF st ow, A F= oA AXAIA FEIHe HAEYS

AT

(2) Mgt = (Ceramide)

2 DS-CERAMIDE-Y30 (N-Oleoylphytosphingosine)
0 95.0%



T T, T /VW\(’U

OH

[Z18] 1] A gvlol=g A%

Caramide
in water

T

——

(1) Two-phase system

2E" 250mgs 1M NaOH (2 mL)ol il WA & S8

EZ 34 (21 mL), 1 M HCl 2 mL)E F33 5 1% (w/v)
YrEd §AS A%

=0 o)
= o T

«—

, Aol Ao e RAE 99

121 C¢ arL-a19t 3koll A (Autoclave ©]8) HAEZ S <43
ol (208-7h)
!
Meuto] = (30 mg, dry basis)E ©|AE = oHZE (25~35 mL)el
BAF 5 50CoA 1A7E FeF wyt

2.
=

2o Aol =g shAl)

«—




ol

50Tl 550rpm2.

il

—~
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1]

G

KoN
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g

5

A4 ¥-2 (CR-21G, Hitachi, Japan) ¥}

A=

o] H
L= |

e

[}

A9

]

Z
TI

)

=]
A

ted 3= (5000%g, 15

G

T

24A17F sk 2% (DRC-1000, EYELA,




(2) Batch system

Two-phase system¥} U3t 2oz dArEg o Ax
(1%, w/v)

Algtuto] = (30 mg, dry basis)E
A A7l $ 50TAAl 1A &9k wRkE

L

!
A% o8& (05~20 mL)dl
r Bl Aetvtol=g oz

l
A = A ¥-2 (CR-21G, Hitachi, Japan) 3% -S
F3ko] # 43k (5,000xg, 152)

39 H3AE 24A 7 5o 324 % (DRC-1000, EYELA, Japan)

k& ETAREE o B4 o8&

1. Two-phase system {(organicfaqueous phase)

Evaporation of

D axctrin Adding ceramide in isopropyl ether
Solution isopropyl ether

Complex

Storage Isolation of
— —t — = complax
2. Batch system (aqueous phase)
: Adding ceramida)

Dm_"" in ethyl alcohol
solution Complex

Storage :
% % g Isolation of
s> o

(19 3] Aetetol=-wlaEd Bea P fE FH mAE
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B orlo

A& PR dojxl HFAE “Oﬂ XHH*} (019, w/v) Azl vk 121°Coll A &
1= A

2
i
o,
=l
of,
ok
)

A BT

: X-ray diffractometer (MO3XHEF22 MAC Science Co., Ishikawa, Japan)
1 5~30" (26)

240 KV, SA A5 30 mA

1.0°/min

=~
ri
JFI

FugA Y A4 54

. Differential scanning calorimeter (DSC, Seiko DSC 6100, Chiba, Japan)
D 70% (MEE=112)

1 40~120C

: 5C/min

=

-85 (Dub01s et al, 1956)& co]&3td EFFEA

[6]

(Ultraspec 2000, Pharmacia Biotech, England)& ©]-&3}o] A #F3}3it}.

=
b Wk g Bl HEHAl Qbell &k Al ekvte]

ohg 50Tl A 1

ﬁéﬂ%i Adojzl HIAE isopropyl alcoholdl #|EAF AlF]
=E FE5% $ HPLCE o &

(7F) HPLC-RI %7

A2 7] Refractive Index (Shodex RI-71, Tokyo, Japan)

- o3& Isopropyl alcohol/water mixture (7:3, v/v)

O 2
T

- sk

0.4 mL/min
TSK Gel silica-60 (Tosoh Bioscience, Montgomeryville, PA, USA)



Volts

5 )
0-501 DS ceramide (0.8%wiv) « | | .|

7567

Wolts

9:2071 DS ceramide (0.4%,wlv)

7.582

Wolts
o
h
o

DS ceramide (0.2%, wiv) « o / \

0.50 DS ceramide (0.1%, wiv) « f \

2.5

Wolts

3l 6 el A=Al Frkeke AS FAL F AN, o= A
nel= HAaYs & F AdArh dE 9ol YEUE 2 9as Meule]= A&kl
A 233 gyER FAHEY, oE off EadA gk niel dA g
(McNabb et al., 1999).

1000 00-| 9

(mV)

Response
—
= A

= —

[-2¥ 5] Chromatograms of lipid extracts from yeast obtained by MaNabb et al. (27).
Lipids were separated on a silica gel column and a mobile phase of
chloroform/ethanol/triethylamine/formic acid and detected using an ELSD detector.

Peaks: 1, hydroxy fatty acids ceramide; 2, C-2 ceramide;, 3, sphingolipid; 4,

— 3’7 —



phytosphingosine. Peaks were identified by comparison of retention times to those of

2.

pure authentic standards.

U AEE8HA o] morphology & Y E==7]

- 247]7]: TEM (FEI Tecnai G2 F30, Eindhoven, Netherlands)

CZ2AANE: QAR F Aol HAE (0.3 mg, wet basis)S Zof AEAAA I o]

ri

A 717]: Ultrasonicator (Sonics & materials, 550W/cm2, VCX 550, USA) % DLS
(Dynamic Titan, Wyatt Technology, SantaBarbara, CA, USA)

C AN AAEe U A58 BIAS Bel ARAE F (01%, w/A) — 40, 80%

v}

.

i

9] amplituded A4] 557} ultrasonication & Alo]= EXTE =AU

PHe 28 A4 IA 9A B 24
=

=
By 5 34" BdAES 24437 b freeze-drying, vacuum drying, air drying

£3E 3 10 kVY 7FEASH dlelA] SEM (Scanning
Electron Microscopy, JSEM 5410 LV System, Tokyo, Japan)S Z3] #zHalolv}.

A&t A 27Fx ¥l (Batch system¥ Two-phase system)
t} oEg oAz ad oHE9 72 fF7&us Aelvtol
=



ARl S e S A o AT

Two-phase system

35 mL IPE

25 mL IPE

5 10 15 20 25 30

Diffraction angle (20}

Batch system

2.0 mL EtOH

1.0 mL EtOH

0.5 mL EtOH

3 10 15 20 23 30

Diffraction angle (26)

[ 6] F7FA ©& 14 (Batch and Two-phase system)oll 4 FA ¥ &53H4 9
XA 34 siglol] oigh &we] &t
(Ceramide (30 mg) was dissolved in different amounts of ethanol (0.5-2.0 mL) for the batch system or
isopropyl ether (25-35 mL) for the two-phase system.)

i

o

2 08 AT B Aelng i EASL 4

f

- E3kA @A WA & Two-phase system 22 Batch systemo] 43 §lo] Be 53
A= 70, 13.03, 20.35° (260) F-oA] HAE Hol A A Vo-typed HELS K
Atk 7.0° 20)9] A= HIHA FAol FolsA] kg AZAsE Aeprtol= ¥ A9

< d et

- dHkd o2 V6i-typed FE2E A4 guest compound, olE EW, fatty acids,
emulsifier, alcohol o] AE FZ& ofdz=zeol a7 A 4 vtz Huya givt
(Buléon et al., 1984; Brisson, Chanzy, & Winter, 1991; Whittam et al, 1989). /‘ﬂﬁ}
upo] = AA] Ao of|e ¢HE FEE HolRE B A oA V6i-typed] TF



YT + 9 Aoz A

- 8|, Aol =5 AZAI7| = AFEE {780 (e, o|AXEE o HE) A
dAEdy RRZog HIAAHE FJAsE Ao XRD AW AFHJY (A3 wA
AD. ol Ar7l1Eu glo] EEE e o] Agvlolee} dAER Ik oW AAA e XRD
HE g Holx ke AHRE FI ATt

- AR AxE Agvtol=rt EAT o vS FUMEe #EYE ¢ dATk (batch
system3 two—phase system &EFolA]). wEhA Agviol =7} dirEY Zx
(V-amylose)E =3t oA o3 A4S 3l Aoz durdr)

f
0

O]%f{ 735 131 4 &
g 9] amorphous aggregates A4S |
= 70° ¥=2 5 SFA Pl oA g A

H grfe] ko] FUEFE ANE TR S
- 3H ¢ Aty 4A BEFAE FA5=d Qo)A E batch system©] two-phase
system HUF ] @348 XRDe Z2AAM ALE Fa ey}

707C

50T

5 10 15 20 25 30

Diffraction angle (20)
[ 7] Batch system 7olA E3FAE AT of vhg ko] wE XA 34 99 9
W 8} (The complex formation was performed at 50, 70 or 90°C for 2 days followed by a storage at 25°C

for 1day. Ceramide (30mg) was dissolved in 0.5 mL of ethanol to be used in the complex formation.)

- Batch systemol|A 9] 53 dA> s 225 sty 08 AFHAL A7) [
g 6lol el HAAxH gFdtE oleS 05 mLS o]&s Agvio]l=E gzl F

A5 o,



- 26 70° 3739 AZY] ARE 90°C <70°C <BO°C <ol E3] 90°ColAe XRD
HELE ThE el vl A 0 FASAT 9AE Aeiel guest compoundsh
34317 YelAE 28I 5ol 2 7YY o= Lxvl FUte] wiE Evkdd. w
B me Smb gaEdd Agvls Aele] BiAl #4L FE7] S8 A
M Ao BFECh AR, B APelAe] Pukiz /2 wushs e F4e ug
o Adgdos Fe &xo FHIEeE 90C7 23 EFA A S wEstE Aew
EbukTh ol 7.0, 13.03, 20.35° (260)9 n=a AV|E FI AU olHd Aie
o)A el wE Furz 018 Alulol= BaE Aol AAAFI) UL 32
7] el veEbd Aoz AlF
. Aol YR BgA 454
Two—-phase system
al
(=]
=3
-
o}
3
@]
-
5
§ 35 mL IPE (1.45 379)
i 25 mL IPE (2.38 )/a)
0.2 mw]
| T T | 1
40 60 80 100 120
Temperature [°C]
Batch system
-
=
(=
=
=
o}
3
9]
§ 2 mL EtOH (3.03.4/9)
5
£
0.2 mW 0.5 mL EtOH(3.83 )/
| ! |
40 60 80 100 120
Temperature [°C]
[ 8] F71A ©& 42 (Batch and Two—phase system)oll A A ¥ E3HAe] Aol

EAo] g e &3t
(Ceramide (30 mg) was dissolved in different amounts of ethanol (0.5-2.0 mL) for the batch system or
isopropyl ether (25-35 mL) for the two-phase system.)



- A7) 179 81 24A AR ThE wae Ba) Auelelss gaEd BAEgie] 4
294 34 fESAE Wel DSC Aol

=

Wgel wAglel 2709 W=7t BaE g
2@ Aeetel=e] §3

= BEA) A sigshe, T o w3 (o

105°C ¥-2) SaEd-Aeetels Bgas §3 SFat

- 47) [29 61AAH DSCHANE f7]18vlsh WaEe) BgAst 4% G4
ol BAHH

Nee BEY F AU (F W05°C F2). A, Anviolss) wrEw
% s

Aoz e dey g (AH = 098 J/g in the batch system, AH

Il
<O o
ol

53 J/g in the two-phase system)S o] AMEjwtol=2o] &A)dloA EFA =71
T242 AolE YET I & 4 vk mgk oy gk ey ke XRDAOIA Y peak
intensityoll A B = BAA N A srtar & 4 vk ol gk e oEE 2 oA
223 ofH =29 kol o A& W o A dEw:

-
=
o
=
=
o
=!
o
2
2 90 T
24 70T
Q
T 50 T
I 1 | |
40 60 80 100 120

Temperature [°C]

[2¥ 9] Batch system oA SFAE JAAL w vh& 5o WE o] 549 ¥
(The complx formation process was performed at 50, 70 or 90°C for 2 days followed by storage at
25°C for 1 day. Ceramide (30mg) was dissolved in 0.5 mL of ethanol to be used in the complex

formation.)
- DSCgoll A= XRDol A 9F wla7kx] 2 ubg &%of upe) v ddo] EAS Hth
- B0~70°Ce] =XoA HIA PSS FE3AE o ddy] e 031~383 Jgo=
Kol

vhebstth XRD Ak fARSHA AAoE e 50°Ce] SEdA o ¥ Ay ge
walrh kA 0°CA A el BeAe Ak BEEA sk,
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gt eiviolse] £&

100

H Coramnide
Dextrin

80

50

A0

20

Yields of dextrin and ceramide (%)

Batch system Two—phase system

(28] 10] # A9 batch and two-phase 202 A5 B39

GAEY Agrtol o] &
(» batch (0.5 mL EtOH, 50°C for 2days) ¢ two-phase systems (25 mL isopropyl ether, 50°C for 2 days))

=

L ox

ot gA2EYY Agetol =9 &S vERAL
HE npgo R 27k H53HA] ARl glo] H 49
, Batch system®] 4% 05 mL9 ol|&-%, Two-phase
=
25

i

iy
o
N
)
>
K
)
r)«
ol
R
8o
[N

23 oH=E o]F3te] Aivie]= SaL, 50°Cel A

=
= =
o5 & AY mwukE T wkE 5 25°ColA T Feh AT § 3 g FE

- gaEd e 49 kA wAd el 2 AelE wold 2%kt (12 mg/100
mg in the batch system, 47.8 mg/100 mg in the two-phase system, respectively).
ol Algluto]= o] 48 batch system©] two-phase systemol|A B Ut oF 2v] AE
o =A YEeEY (467 mg/100 mg in the batch system, 23.3 mg/100 mg in the
two-phase system, respectively). ©]%& batch system©¢] Y2EY oto =z Agvfo|=

BASS whelel BRAE GAseH O B4 E JEdE Aoy,



oh, U AR 534 9] morphology ¥ Q7]

Batch system

1pm

[2¥ 11] F71A ©& 42 (Batch and Two-phase system)ol 28] A%
HE3A o] FAF A AAAN A AR

_L/

111 Z3A4 dAol do] HFx7A9 AZE9 morphologyE FZ2F34

- AEuE 27FA W42 morphologyel AolA &= 2ol E WSITE Batch systemol A
AE B39 49 HFUdew ¢S ddd oF 1 me A4S 2 UAEEE HS
gl Two—phase system= %  HdE A= 1~3 me ohgs Mo AAHSs

ARom, theks wgol E3E FEHE BT

3
sREN
7k 31

- Lesmes et al. (2009)¢] H. o] w=ZwW  V-amylose crystals® morphologys guest
compound®] %9} E3HAl A el wel tEA dEY wiolaE oo YAE
= ﬁ QE]—E o]— E]—

- g F B Eete] ARE T AAES] dHE SFAE T onE viojaR
@9le] YAREE Hols AL Adxyd Aeta ARtk o deolrt sgE 5 A
o] AxAA (TEM #HZE 93 dAel}A)o] aggregations FEstAe AoE F4Y
M ool# 3k o] dAEe] g Ao ¥ viAe Aoz dddn
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WL
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s _|Baﬁ£ & rmidin

1 HﬂmLT. R |

[T] ope LT
Hydrodymnam lo diameter [rim ]

[2¥ 12] Batch W2l o2 JA A EA 259 HZE 3AS W d= £ W
(Complex was formed in the batch system (0.5 mL EtOH 50°C for 2 days))

- A7 [29 12]= Batch systemol4 Fd¥ HIAe YEFEE Dynamic Light
Scattering(DLS)$ o] &3te] A3 4 atolr},

- ‘Control'e]g}al BAHo] e S22 253 HYE A &S
o] Ay FALEA oF 1 mel AAS ZH= 3

S wpolAR GAue] YAEC] Uk Alo]2E FolEE g #Ed
& 0%+ 80%= &¥ A%, FIdTF A GR)E

olste] §iAE9] kol FkstE AS WEE F AUk °
Aglek Az A-¢ °F 43%7F 100 nm ©]3te] YAER T EH = " 80% M F o
2 587 &9 AYsaS Wi o 77%7F 100 nm o|3ke] v RS %
U A 23%0] et A violAR @9 dEd ol 25 AYE vt HE WHXW

C)
g, e Ag o
Z’:

ANt 53] A

s AZE A3A BEAREC] AFH JdE AROIAY 229 HE F9 aggregation®
AA =z FAHE,



(a; freeze-drying, b; vacuum-drying, c¢; air-drying)

oo
NG o
TO ol
72
1_,_AI 0
o8 m
o 10
T S
ofp alo
® 5
M ojy
< £

17
TS
‘ﬂAll w
o
r o
= a8
= ik
g M
= <
ojfy "
zo T
N
ol
WO
wo T
ﬂr .1&,_
o) X
™ T

il
g
ey
— _foL
~ o
<0 M

800w

ke
T

ekl 9o AR

sfof

B

2

(40°C, 24AZh), Te7Ax (25T, 24X 7= 747t

3}
ol

3y

o obg ARZI2 4000

3

R

2 aggregation ¥ °]

o A e
AME=

i

—
o

()

=24 A7t B

)

°o]-&

BA ol A&

= o

T

4

ofof & Aoz AR,

Az 7hA

0] =
A

1. 4A7d

K

(7hH) =44 AE (Normal corn starch)
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BHe] Ba st weE )

(W) g2E" (Dextrin, DP, 311)

70 % oo ofdzA ks VA 9 polH == HAE (Hylon VID-S National
Starch & Chemical company (Bridgewater, NJ, USA) 258 TU3te] AdAQzs=2 ALE
3ot

ol R = HES o83 dAEZY AXE Robyt et al. (1996)¢ WS wrgkoh

ol 2= HE (25g, dry basis)e FFLAE (100 mL)el #2271 3 0.36% (v/v)
HCI (¢F ImL)& FH7F3te] 20TeolA HAE< 7}*?% e AlEFEATE 72417 & dAE
(3500 tpm, 10 min) & F3] HAES FJF53A L 70% ole&S o] &3to] 289 A2}

A 8l x0T, 244705 F8fl DPy 311¢] HAE"-S Alxd

A AEY el EAskE lipidet HAERRY] 53A IS
(Defatting)2 7|9 2 ¢4# % DMSOE €83 Wy 4 NaOHE °| &3 A4S A&
A JREste] ARSIt ol % HAE"-Ageio] = <
T 7] et
d2Ed (20g, dry basis)e NaOH &< (1M, 200mL)°| E2F A7l & wutags &
gl =<9l § 800mLé =& ¥eol FMAAY. L 5 NaOH¢ s7¢ HCI (1M)° Hol d
ZEY fHE % 7\]73‘:} b gk OHE H;H G &

(th) Metatel = (Ceramide)

» ¥ DS-CERAMIDE-Y30 (N-Oleoylphytosphingosine)
S5 95.0%

e 2

» 3}8F4: CyxHnNO,

D 2l A kAol AR Qe FERE A AL e &
(shte] 1 o)

” “x/‘\/\f\:/vvv\r*“

HN.

ot

ax e o

of\

et Pt S W S N \) Ol

O

[28] 1] Agvtol =9 Bx} F%



Ceramide

in water

7]? gy Adse FAse 4d MEIF AE F 40760%E xFA Y,
AA = A oy Agty AAFo HAS FXE FAEA S VTS
(2) Alglatol= v HF E3HA P44 Wy
h 92EHE &83F Alglatol= v HE E33A A
(1) Two—phase system
2Ed 250mgS 1M NaOH (2 mL)°l] 23 wHkaA-S- 53
=l —? 52 34 (21 mL), 1 M HCl 2 mL)Z 533 3 1% (w/v)

HGAEY RAS AX

«—

', A2l A9 A E 949

Lol A (Autoclave ©]4) B 2~E# S 9443
=4qF (2027

l

Aol = (30 mg, dry basis)E oAz =E o HZE (25~35 mL)el
A 5 50TColA 1AIZE 59 WRkE 3l Algivtol =8 HEA|F]

0TI 550rpm .2 29 F<F AHEA]
SHHEA AF}ete] =7}




(CR-21G, Hitachi, Japan) 3¥%}#
(5,000xg, 15+-)

e

| o8

(2) Batch system

e,

(1%, w/v)

Two-phase system¥} &

o

=

l

s Aol =g Az

Alguto] = (30 mg, dry basis)E AH2] &S (0.5~2.0 mL)l

2F 2171 & 50Tl A 1AI3E

7




& Two-phase system (organic/aqueous)

SFFAE (240mg)s 08% (w/v) 5= & +4HA171 $ 132T
o A 2087t autoclaving 2 3} AT HoAE
l
Algete]l = (60 mg, 0.2%) F22 thE &7]d 28 $F 132T el A
2047t autoclaving & &3] &3] HoF
l
Aehobol= gl 100C7HA W7he A% £l ¥ F 100Co]
A AEs wnks Faf diE-Aldgeto] = Alo]o] WbE-& f{ R
l
25C7HA B2 (awkat 3HA)
l
Wzbd dE 892 Glass filter (G2-type)E &8l o #afof w30l
Rojan) E3 Agelol =g A7
l
Ad-Aetrto]l = vkg g 3]
W BeAl G4 fE RAE
D AzEd-Aeutels it P4
@b Batch system
Dextrin Adding ceramide Complex
solution in ethyl alcohol formation
Isolation of
Slorage complex

—> Freeze-drying



Complex

Dextrin Adding ceramide formotion
solution in isopropyl ether
Isolation of
S'OFOQE complex
— > Freeze-drying
@ AdE-Algpetel= =3HA A

starch solution

starch solution

Reaction
> s
(%) 3] 92EY e AR Aeuiels e BA ¥4 f% Ao U wa®

Aojz EBIAZ isopropyl alcoholel] AEAE Azl v}s 50TolA 1
1 =

SRA gte] EAlEE Mebtel =g F&3 § HPLCE °l &

(7}) HPLC-RI =4

-7%7]: Refractive Index (Shodex RI-71, Tokyo, Japan)
-o| & Isopropyl alcohol/water mixture (7:3, v/v)
-4 0.4 mL/min

-A=: TSK Gel silica-60 (Tosoh Bioscience, Montgomeryville, PA, USA)



Volts
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o
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-

D3 ceramide (0.8%,wfv) «

7567

S 050+ DS ceramide (0.4%,wiv) «
2 ) i Ill |
S 050+ DS ceramide (0.2%, wh) « 255 / \
| e o B ~
%
S 050+ DS ceramide (0.1%, wiv) « J !

7609

~f
o
o
o

2.5

Time (min}

[Z2¥ 4] HPLC-RI Al 2¥-2 o] &3 Fxo & Aegviol= ghaF 24

1200 ¢
y =13118x + 11275
1000 f R* = 09994

800
500

400

» £JTsuUL)U]

200

0 1 | | ! |
0 0z 04 08 0.3 1

Concentration (%).

[Z1¥ 5] Alghetol=e] HA =4

- FL7F kel wEk 76
oli= Algtvtol= HAYE & F
AFEotel EAsE AW a gy

(McNabb et al., 1999).

m %o

g vast FsE Ae BT S Aga (17 4),
vk @A 9B el Ul 2 was Agiels
2 F4uE, ol obd FagelA s



(mV)

Response

AV mn

f
) | R AN

P PP

[2¥ 6] Chromatograms of lipid extracts from yeast obtained by MaNabb et al. (27).
Lipids were separated on a silica gel column and a mobile phase of
chloroform/ethanol/triethylamine/formic acid and detected using an ELSD detector.
Peaks: 1, hydroxy fatty acids ceramide; 2, C-2 ceramide;, 3, sphingolipid; 4,
phytosphingosine. Peaks were identified by comparison of retention times to those of

pure authentic standards.

(2) YA ¥ % (Particle size distribution)

- Dynamic light scattering detector (Dynapro titan, Wryatt Technology, Santa
Barbara, CA)

- Refractive index: 1.333 (20TC)

- Viscosity: 1.00 cP (20C)

(3) AlebA 9] (Zeta—potential)
- Zeta—sizer 3000HS Advance (Malvern Instrument Gmbll, UK)

(4) Water—dispersability
D %1 33‘34-(4 B34 (80mg, dry basis)E & (40 mL)dl #4kA121 & 25C =&
0C9o & & 3A7F Fot wykAlF]

i) #4ke]-S /\]%Oﬂ/ﬂ 24X ZF Eor B

o)

i) YA 2(6000 x g, 15 min) IS B3 e 3¢ FHAE AA)
iv) el FA4kd Agrtol= gaF #4 (HPLC-RI system)
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(1) 2=4 A
7h AEe 283 Agtvtol= HekAl dA

2xbdel F3d AAdes nEo R & o AAAS 5EA Ax AS FHEa &
= Siskstr] fs) skt
- 22pdel = 27FA] M= Y& W29l Batch system¥ Two-phase system= %3l
ofdE= (70% olEZ2Fd)EZFY Fad H2EdN A4S 2 Agrtol=
A Aol AEskatt. ol 29 73 89 XRD$% DSC #+4& F3 FdHAdrt. 34
T 7D RS AIZE (F ARAZH I WAAIZE (F 24417, FAE BEFAY FEE US A
A frxsk7] e BRgho] AfEE AxTA Ao @] QAT ol¢ vEo AF
AFRE AMREE PiEde] ¢ aotdzz die dxeEds) g AA A T8
AA = w39 ol X1 A[zko] Ak Hek 59l F Aol Fodk Agtntol=
o] & [Z2¥ 9]0 HUldez X @&t} (Batch system: 46.7%, Two-phase
system: 24.7%).
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Batch system .

Uncomplexed-
ceramide -

Complex.
! L . ,Control-
5 10 15 20 25 30
Diffraction angle (28).-
Two-phase system.
Uncomplexed-
ceramide «
Complex-
’ ‘ ‘ , . Control-

5 10 15 20 25 30
Diffraction angle (28).

2l (Batch and Two-phase system)$ =3 dA%

(189 7] /b4 e 3 B
gaed-deietelm B3 2 e XA AR



[z28) 8] F7[# t}& W] (Batch and Two-phase system)
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(3) A3
7h &% (A%) : Crl:CD(SD)-Rat, SPF
() 59 @LYAE no] e (F7 % 77 5 EEE 699-13)
h THsEFEE), 74 2 AFHSY
30 vl (57)/30 vp(YA), 5579, 1423~1556.1 g / 94.7~1143 ¢
) FAA TEFEE), 78 9 AFHS
25 k(A )/25 v (4A), 6579, 171.0~1876 g / 1245~1357 g
(mh) A @A 9 A AL
2 A AR dEE w3 9 RhaFo] ZAAY o kA el de AR E]
7F ol Al@Adte] s 2 ot &

=2 L 2x 219~222T, AEE 495~508 %, 3H7]3]
ZHAZE 1247 (LABA ~2.384]), % 200~300 Luxe BH&ARS2
e

£ Holdte] ¢ " A@7E st Ay ARl

T 10~153]/hr,
oA AbEe &

T3 2 ARV T 2EIJE A AR (500x 300% 200mm)ell SebE A gol A}
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: No. of dead animals / No. of tested animals

2,000

G2

a

4

Dose

ClinicalSigns

Numberofanimal

Sex

(mg/kg)

Group




Male 5
Gl 0 Female 5 No abnormality detected
Male 5
G2 2,000 Female 5 No abnormality detected
[ 3] A=Wzt
Unit : g
Dose Day (s)aftertreatment
Group Sex
(mg/kg) 0 7 14
MeantS.D. 178.1+59 256.9+9.0 298.9£17.3
Male
N 5 5 5
Gl 0
MeantS.D. 131.3£46 182.9+7.3 210.2+8.1
Female
N 5 5 5
MeantS.D. 1759454 252.4£10.3 294.8+13.5
Male
N 5 5 5
G2 2,000
MeantS.D. 130.9+4.0 179.6+95 199.4+12.2
Female
N 5 5 5
N : Animal numbers
(& 4] 73 24
Gl G2
Findings Omg/kg 2,000mg/kg
Male Female Male Female
Number of Examined 5 5 5 5
No abnormalities detected 5 5 5 5
(7% 1] F2ie] a0 54
G Dose  Animal Hour(s)afteradministration Day (s)afteradministration
roup
(mg/kg) No. 30min 1hr 2hr 3hr 4hr 1 2 3 4
1101 NAD NAD NAD NAD NAD NAD NAD NAD NAD
1102 NAD NAD NAD NAD NAD NAD NAD NAD NAD
Gl 0 1103 NAD NAD NAD NAD NAD NAD NAD NAD NAD
1104 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
1105 NAD NAD NAD NAD NAD NAD NAD NAD NAD

NAD: No Abnormality Detected

Group Dose Animal

Days afteradministration
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(mg/kg)

No.

5

10 11 12 13 14

Gl 0

1101

NAD

NAD

NAD

NAD

NAD

NAD NAD NAD NAD NAD

1102

NAD

NAD

NAD

NAD

NAD

NAD NAD NAD NAD NAD

1103

NAD

NAD

NAD

NAD

NAD

NAD NAD NAD NAD NAD

1104

NAD

NAD

NAD

NAD

NAD

NAD NAD NAD NAD NAD

1105

NAD

NAD

NAD

NAD

NAD

NAD NAD NAD NAD NAD

NAD: No Abnormality Detected

G Dose  Animal Hour(s)afteradministration Day (s)afteradministration
roup (mg/kg) No. 30min 1hr 2hr 3hr 4hr 1 2 3 4
1201 NAD NAD NAD NAD NAD NAD NAD NAD NAD
1202 NAD NAD NAD NAD NAD @ NAD NAD NAD NAD
G2 2,000 1203 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
1204 NAD NAD NAD NAD NAD @ NAD NAD NAD NAD
1205 NAD NAD NAD NAD NAD @ NAD NAD NAD NAD
NAD: No Abnormality Detected
Dose Animal Days afteradministration
Group
(mg/kg) No. 5 6 7 8 9 10 11 12 13 14
1201 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
1202 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
G2 2,000 1203 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
1204 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
1205 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD

NAD: No Abnormality Detected
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(35 2] 4He) dw T3

G Dose  Animal Hour(s)afteradministration Day (s)afteradministration
rou
P (mg/kg) No. 30min 1lhr 2hr 3hr 4hr 1 2 3 4
2101 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
2102 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
Gl 0 2103 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
2104 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
2105 NAD NAD NAD NAD NAD  NAD NAD NAD NAD
NAD: No Abnormality Detected
Dose  Animal Days afteradministration
Group
(mg/kg) No. 5 6 7 8 9 10 11 12 13 14
2101 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
2102 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
Gl 0 2103 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
2104 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
2105 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
NAD: No Abnormality Detected
G Dose  Animal Hour(s)afteradministration Day (s)afteradministration
roup
(mg/kg) No. 30min 1hr 2hr 3hr 4hr 1 2 3 4
2201 NAD NAD NAD NAD NAD NAD NAD NAD NAD
2202 NAD NAD NAD NAD NAD NAD NAD NAD NAD
G2 2,000 2203 NAD NAD NAD NAD NAD NAD NAD NAD NAD
2204 NAD NAD NAD NAD NAD NAD NAD NAD NAD
2205 NAD NAD NAD NAD NAD NAD NAD NAD NAD
NAD: No Abnormality Detected
G Dose Animal Days afteradministration
o he/ke) N 5 6 7 8 9 10 11 12 13 14
2201 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
2202 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
G2 2,000 2203 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
2204 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD
2205 NAD NAD NAD NAD NAD NAD NAD NAD NAD NAD

NAD: No Abnormality Detected
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Unit : g
Dose Day (s)afteradministration
Group No.

(mg/kg) 0 7 14

1101 174.2 201.7 283.6

1102 187.6 268.4 321.0

1103 176.7 260.9 302.6

Gl 0 1104 172.7 244.9 279.5
1105 179.6 208.7 308.0

Mean 178.1 256.9 298.0

S.D. 2.9 9.0 17.3

1201 171.0 239.9 283.6

1202 1725 256.3 303.4

1203 178.2 248.9 285.0

G2 2,000 1204 173.7 249.2 287.6
1205 184.4 267.6 314.3

Mean 1759 2524 294.8

S.D. 5.4 10.3 13.5

[F-= 4] dA ] A5 W3}
Unit : g
G Dose N Day (s)afteradministration

O (me/ke) o 0 7 1
2101 135.4 190.1 215.9

2102 124.5 172.4 198.0

2103 130.7 180.1 218.6

Gl 0 2104 135.7 189.5 210.8
2105 130.1 182.4 207.5

Mean 131.3 1829 210.2

S.D. 4.6 7.3 8.1

2201 126.0 1675 180.8

2202 134.6 191.3 211.9

2203 131.3 175.8 198.6

G2 2,000 2204 134.9 186.8 208.8
2205 127.6 176.5 196.7

Mean 130.9 179.6 199.4

S.D. 4.0 9.5 12.2




(%% 5 #7927

Eaysl

Animal No.

1101

Group -

Gl

Dose :

mg/kg

Terminal Sacrifice

* Day

14

Gross Findings :
No abnormalities detected

Animal No.

1102

Group -

Gl

Dose :

mg/kg

Terminal Sacrifice

: Day

14

Gross Findings :
No abnormalities detected

Animal No.

1103

Group -

Gl

Dose :

mg/kg

Terminal Sacrifice

* Day

14

Gross Findings :
No abnormalities detected

Animal No.

1104

Group -

Gl

Dose :

mg/kg

Terminal Sacrifice

: Day

14

Gross Findings :
No abnormalities detected

Animal No.

1105

Group -

Gl

Dose :

mg/kg

Terminal Sacrifice

* Day

14

Gross Findings :
No _abnormalities detected

Animal No.

1201

Group -

G2

Dose :

2,000

mg/kg

Terminal Sacrifice

: Day

14

Gross Findings :
No abnormalities detected

Animal No.

1202

Group -

G2

Dose :

2,000

mg/kg

Terminal Sacrifice

* Day

14

Gross Findings :
No abnormalities detected

Animal No.

1203

Group -

G2

Dose :

2,000

mg/kg

Terminal Sacrifice

: Day

14

Gross Findings :
No abnormalities detected

Animal No.

1204

Group -

G2

Dose :

2,000

mg/kg

Terminal Sacrifice

* Day

14

Gross Findings :
No abnormalities detected

Animal No.

1205

Group -

G2

Dose :

2,000

mg/kg

Terminal Sacrifice

: Day

14

Gross Findings :
No abnormalities detected




[F-= 6] A9 F4 &4

Animal No. 2101 Group : Gl Dose : 0 mg/kg  Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2102  Group : Gl Dose : 0 mg/kg  Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2103 Group : Gl  Dose : 0 mg/kg  Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2104  Group: Gl Dose : 0 mg/kg  Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2105 Group : Gl  Dose : 0 mg/kg  Terminal Sacrifice : Day 14
Gross Findings :
No_abnormalities detected

Animal No. 2201 Group: G2 Dose: 2000 mg/kg Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2202 Group : G2  Dose: 2000 mg/kg Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2203 Group : G2  Dose: 2000 mg/kg Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2204 Group : G2  Dose: 2000 mg/kg Terminal Sacrifice : Day 14
Gross Findings :
No abnormalities detected

Animal No. 2200 Group : G2  Dose: 2000 mg/kg Terminal Sacrifice : Day 14

Gross Findings :

No abnormalities detected

(2) FANEEAT (S9-)
(7h) ¥ A : Sodium azide (NaN3)
(4}) CAS No.: 26628-22-8
(th) 99=* : Wako Pure Chem. Ind. Ltd (Japan)

A v EEAEAHIA DA (AMES Test)



(8}) Lot No.: DWL5550

(v} = & 198 %

(mp) HAxA e

(Xb A & TAI1535 (0.5 png/plate)

(3) FEAWEEA (S9-)

(7}) ¥ A : 9-aminoacridine (9-AA)
(4}) CAS No : 90-45-9

(t}) 9953 : Sigma Chemical Co.
(2}) Lot No. : 106F06681

(vhH & = 98 %

() noEA A

(A & & ¢ TA1537 (80 ug/plate)

(4) FA=EAM (S9-)

b 3 A 2-2—-furyl))-3-(5-nitro-2-furyDacrylamide (AF-2)

(1) CAS No : 3688-53-7

(th) 94A : Wako Pure Chem. Ind. Ltd (Japan)

(£}) Lot No.: PAN0050

(mh) &= & 198 %

(MhH BaxA A

(b A & TA98 (0.1 ug/plate), TA100 (0.01 pg/plate) and E. coli WP2uvrA
(0.01 ng/plate)

(5) FAPEEAIV (S9+)

(71 ¥ A : 2-aminoanthracene (2-AA)

(4}) CAS No. : S34773-358

(t}) 9193 : SigmAldrich, Inc.

(2}) Lot No. : S34773-358

h) = =196 %

(MhH BaxA A

(A A & ¢ TA9R0.5 ng/plate), TA100(1.0 ng/plate), TA1535(2.0ug/plate ),
TA1537 (2.0 ng/plate) and E. coli WP2uvrA (10 ng/plate)

(6) AGRF L ¥

oh #F
A8 A5 T OKCD A=Al B1A TN A, o TREL
NAERAEAWIAGAN Ll Ags Qo A% delEst Brels) gl 47
sheleh.



A7 A2 Salmonella typhimurium TA100, TA1535 and
Escherichia coli WP2uvrA
Frame-shift 8 : Salmonella typhimurium TA98, TA1537

(th) w A

A5 Z+7H2] master plate=5-H 15 mLe Aujde] (25 2% Oxoid nutrient
broth NO.2)ol HE3] shaking incubator (37C, 120rpm) A °F 10417k wok3dle] A}

£33t AW A (minimal glucose agar plate) ¥ 15 % bacto agar (Difco) <
Vogel—Bonner medium E % 2% glucoseE &3 A 25 mL¥ #5385t AFE3A
t}. Top agars 0.6% agar?t 05 % NaClzZ XAt ew, Ardat #F8& top agar©l
= 05 mM histidine-biotin, & TE FFol= 05 mM tryptophang 100 mL% 10
mLA A 7}st vt

(D) #Fe) w@ L dQ e

(7h 59 Wt

vjekst wujke} 0.8 mLY Dimethyl Sulfoxide (DMSO) 0.07 mL& 7}ste] Wex#d
& tubeol MY dry icedld =AAZ T AL WEIU] nudelon Ao ol
H 39 master plateZ A ZF A Fol| AL&aF4 T}

= R
759 JAFNS 98 Salmonella typhimurium T+E9 7% histidine &7 <

. uvrB mutation A 9%, R-factor F* <&, rfa mutation +* ofF 2=

spontaneous revertant®] 4 55 AAFSIA AL, Escherichia coli WP2uvrA o] )9
A= tryptophan £74 o uvrA mutation # o5 spontaneous revertant®]

F e Arsta.
(8 w7 (S9 Mix)

(b S9

- ¥  Molecular Toxicologe Inc.(USA)

- 7] ¥ : Aroclor-1254% %3+ 7 Sprague-Dawley #=2] 7t
- Lot. No. @ 2662, 2702

- el ekgr o 36,13, 37.4 mg/mL

- X % -807T

(\}) Cofactor
- % & : Cofactor-1

[e]
- ¥H949Y : Wako Pure Chem. Ind., Ltd. (Japan)



- ZEWI 1 999902
- H o yH

(th) S9 Mixe 1 mL 59 %4

- S5-9:01mL
- MgCl2 : 8 pumol
- KCl @ 33 pmol

- Glucose-6-phosphate : 5 umol

NADPH : 4 umol

- NADH : 4 pmol

Sodium phosphate buffer (pH 7.4) @ 100 umol

FEAARAANGNA = HaFEE 5000 ug/plate (50 mg/mL)= 3Fe] 1000, 500, 100
2 50 pg/plate® 8] 43le] 5o AFDEAS ZAFACT EAIE 2 ) Al A=
5000 ug/plates FHamm= 3ko] Fv] 29 @A FXdle] beA e AFEAS %
A 8F93. ¢}

(W) x4 A4
Sodium azide¥™= S H S0 &sdtar, b2 3719 &2 DMSO°| &8st W3 Bk
sl = AlF HAA A ElEstke] AFEEA T

(10) A&+

h AdEdA Y

A A EZ9 A= pre-incubation HH o2 gttt Ad A3l tubed] AP EA

ot

2ol 01 mL, S9 mix (3% pH 749 01 M sodium-phosphate buffer) 0.5 mL, FHj
FH 01 mLs ¥l 37CelA 2082 A" (120rpm) A%l ¥ top agarg 2 mL¥ #
F38k o5 &3sil $A] minimal glucose agar plateo] F-o] o] wWEFo = 7]&o Il
= HJAA st ZA s &4 TS A FdEA g9 Al oS A RIS
ANdEd &4 A FEAREELA LS 22 WHoR 7hsto] AAESIY. SH ol EV)
Z=om FHelA 37T HH°L7]°ﬂ of 72413 ke 5 AAE S Assidv A=
2 &R " 89 mixe FEA Ade A AEEd Huwgrte 01 mLdt S mix 0.1
mLE 27} 2 mLY top agarel] E3ste] ZHEE Az

BAge AusEs AAs] 98 0, 50, 100, 500, 1000 2 5000 pg/plates] FE
W AE (890 2 vAE (890) Bl 5EFR FRAAAGE A



T Y MBI =S A

(ch) 2419

SEARAD] APl el 5000 nglated HnETE G B

F = (3125, 625, 1250, 2500 2 5000 pg/plate) &= 3t ZA|FE-S AHAEAC T
g 37)e] FelolEE A At

(2h AN
A AR A7) Ste] BART L& WPOR ARL AAFL)

(1) Azhe) EA
NBAE T P 39 BAClERYE Qe P +9 YR+FFBAE vheh vk

(12) A3} @3

AALGA A XA DA AL V] BTN AYERE AT
R I ES Sk 8 28 ol FrhkUA, $FAEHEL AHAY
o ARl A4E ¢ Bz HYAr

_

v At

AT AHED g 2 o s S9 Mix FHA AT, nAEe] 09e AAHA sk
1= %E@ AAGA3, ANDEL ety 5Fe BE FRAA AS Adls FAEA &
PTHE 5). olFE EUE EXNIAY HiusEE 5000 ng/plate® AASow, 3125 625,
1250, 2500 31 5000 pg/plate®) 594 2w &4 2 G xRS thAtEA I Z
|(89+) % A& (89-)o = %Méﬁ% AAEGE BAY da 2E 5o s A
BEZE HYd v EFA EHEAW] FFE S SAUERTd v S FgE
VER A R 6). A1E Y AFAS Fr] 8 EAgY 2L wiom A Y
S AAEAT FAAE B BE #FA AREAS A ved BF 54 dE2T
of &) A 9 F7iE FAEA FUrHE 7). FH ZE FA dxzTdE g S

AT v dAF F7HE JERl TG 5~7 ).

L= e =L e B
Aeiato]l= Y dE E3bAef 3 vAE BFEddde] fuoyE Hrlslr] ¢35k
Salmonella  typhimurium 9 3|24 Q274 #F2 TA100, TA1535, TA9S %

TA15372] 4719 59 Escherichia coli® EHER 274 #F9 WP2uvrA = o]&
sto] AlEs AAEET AdEAS SRl &8sk ﬂﬂﬁ}?J— 5000 ng/plateE
HaFER o] 1000, 500, 100 2 50 ng/plate® @A A &e] HAAS FEZdAAH S
EgE 3t o, EAR A= A S 148 (S9-) H A8(S9+) Al EF 5000,
2500, 1250, 625 % 3125 ug/plate v == 4 2L A dxzLy A4 AFS HAAES

O



tt. A& A3 Salmonella typhimurium TA98, TA100, TA1535, TA15373 Escherichia

coli WP2uvrA®] 5 w5l thall At d sy m4 & (S9-) H (S9+) A& EF 4=

vk vaste] Zb s AIFEE ATy HE e T FS UERRF &gkt

ool AE FstAE u, A=A Agtrtoln yxHdE HFAE 2 AP st
7

=
Agd Tl U] BAFAME FuA B A

mo

4

ﬂl

(51 %4 5% 24 49 2
Tester Chemical Dose Colonies/plate (Mean=S.D) [Factor]?”
Strain Treated (ug/plate) Without S59 mix With S9 mix
0 23 £ 5 3r £ 8
50 2 + 5 [ 10 | 40 =+ 6 [ 11 1]
Test 100 2 9+ 6 [ 12 1 41 + 9 [ 11 |
TA9S Solution 500 % + 9 [ 11 1] 40 =+ 9 [ 11 1]
1000 27+ 6 [ 12 1 29 + 5 [ 08 1
5000 2r £ 1 [ 12 | 2 + 5 [ 08 1
0 119 = 2 98 =+ 8
50 116 = 6 [ 1.0 ] 00 £ 9 [ 1.0 1]
TAL00 Test 100 09 + 8 [ 09 1 W0 + 4 [ 1.0 |
: Solution 500 104 = 10 [ 09 1 07 + 13 [ 11 1
1000 100 =+ 6 [ 08 1 0+ 10 [ 11 1]
5000 109 =+ 14 [ 09 1 0 £ 5 [ 11 ]
0 6 + 3 21 £ 8
50 B £ 3 [ 09 1 24 £ 5 [ 11 |
Test 100 21 £ 1 [ 13 1] 24 + 3 [ 11 |
TALSS Solution 500 9 + 2 [ 12 1] 2 + 3 [ 12 1
1000 6 £ 2 [ 10 1 2+ 2 [ 12 1]
5000 9 £ 2 [ 12 1] 2 + 7 [ 10 |
0 13 = 2 20 =+ 4
50 1 = 1 [ 09 1 B £ 3 [ 08 1
Test 100 1+ 2 [ 09 1 23 £ 2 [ 12 1]
TAISST o tion 500 Mo+ 7 [ LI ] % + 6 [ 13
1000 2 = 2 [ 09 1 7 £ 6 [ 08 1
5000 1 + 1 [ 08 1 11 = 1 [ 06 1
0 38+ 1l 60 == 7
50 36 £ 4 [ 09 | 63 + 12 [ 11 |
Test 100 40 =+ B [ 11 1] 68 + 6 [ 1.1 1]
WPZword o lution 500 3 0+ 3 [ 09 | 7 + 5 [ 12 ]
1000 2 9+ 7 [ 07 1 oo+ 7 [ 13 1]
5000 % = 2 [ 10 1 69 + 9 [ 12 1]
Positive controls
TA9S AF-2 0.1 320 £ 9 [139 ]
TA100 AF-2 0.01 Hh6 £ 48 [ 38 1
TA1535 NaN3 0.5 206 + 20 [129 1]
TA1537 9-AA 80.0 47+ 6 [ 560 ]
WPZuvrA AF-2 0.01 326 £ 28 [ 87 1
TA9S 2-AA 0.5 46 9+ 19 [ 93 |
TA100 2-AA 1.0 3%+ 6B [ 101 ]
TA1535 2-AA 2.0 19 + 16 [ 95 1]
TA1537 2-AA 2.0 214+ 20 [ 107 ]
WPZuvrA 2-AA 10.0 24 £+ 2% [ 38 ]




@ No of colomes of . treated
Sodium azide,
DNR ¢

glate 9

Ammoacndme 2 AA : 2-
[% 6] 2AEA] Qs A

—furyl 3-intro-
Aminoanthracene

of C Iomii of ne

a

tlve ontrol plate
%acry lamide

Tester Chemical Dose Colonies/plate (Mean+S.D) [Factor]”
Strain Treated (ug/plate) Without S9 mix With S9 mix
0 9 £ 5 3% 0+ 7
312.5 3 = 2 [ 07 1 32 = 4 [ 09 1
TAGS Test 625 6 = 2 [ 09 1 32 = 4 [ 09 1
Solution 1250 9 = 4 [ 10 1 32 + 3 [ 09 1
2500 7 = 2 [ 09 1 25 += 5 [ 07 1
5000 9 + 5 [ 10 1 30 + 2 [ 08 1]
0 150 + 16 164 £ 7
312.5 46 + 20 [ 1.0 1 144 + 21 [ 09 1
TAL00 Test 625 137 = 10 [ 09 1 46 £ 9 [ 09 1
: Solution 1250 47 = 5 [ 10 1 138 £ 13 [ 08 1]
2500 43 = 7 [ 10 1 143 £ 20 [ 09 1
5000 46 £ 20 [ 1.0 1] 153 £ 12 [ 09 1]
0 7 + 5 17 = 1
312.5 6 = 4 [ 10 1 12 = 1 [ 07 1
Test 625 8 = 3 [ 11 1 o+ 1 [ 09 1
TAISS g | ion 1250 4 o+ 1 [ 08 1 6 + 5 [ 09 1
2500 5 = 6 [ 09 1 8 =+ 5 [ 1.0 1]
5000 5 + 6 [ 09 1 1 £ 1 [ 08 1]
0 9 =+ 3 2 += 3
312.5 8 + 2 [ 09 | £ 3 [ 07 1
Test 625 2 = 1 [ 13 1] 8 £ 1 [ 08 1]
TAIST o ition 1250 o+ 3 [ 12 ] 20+ 8 [ 09 1
2500 0 £ 2 [ 10 1 21 = 2 [ 1.0 1]
5000 0 + 2 [ 10 1 5 £ 4 [ 07 1
0 49 =+ 5 0 =+ 7
312.5 4 =+ 3 [ 08 1 41 =+ 11 [ 1.0 1]
Test 625 47 =+ 13 [ 10 1 39 9+ 2 [ 1.0 1]
Whzword o | ion 1250 9 + 6 [ 08 | £ 0+ 2 [ 10 ]
2500 4 =+ 3 [ 09 1 46 =+ 3 [ 1.1 1]
5000 3 + 5 [ 08 1 6 =+ 2 [ 1.1 1]
Positive controls
TA9S AF-2 0.1 519+ 12 [ 278 ]
TA100 AF-2 0.01 43 + 46 [ 29 1
TA1535 NaNj3 05 222+ 17 [ 133 ]
TA1537 9-AA 80.0 71+ B [ 826 1
WP2uvrA AF-2 0.01 212+ 12 [ 43 ]
TA9S 2-AA 05 3l o+ 43 [ 97 1
TA100 2-AA 1.0 32 = 16 [ 97 1
TA1535 2-AA 2.0 22 6 [ 128 1]
TA1537 2-AA 2.0 198 + 11 [ 90 1
WP2uvrA 2-AA 10.0 20 + 131 [ 62 1
¥ No. of colonies of treated Iate/No of colomes of negative control plate
NaN3z : Sodium azide, 8 -(2-furyl)-3-(3-1intro g2 —furylacrylamide

9-AA: 9- Ammoacndme 2 AA 2 Aminoanthracene



[ 7] A&

stel 49 2

- =

Tester Chemical Dose Colonies/plate (Mean+S.D) [Factor]”
Strain Treated (ug/plate) Without S9 mix With S9 mix
0 5 = 3 20 == 4
3125 3 £ 4 [ 09 1 4 £ 3 [ 07 1
TAGS Test 625 8 £ 3 [ 12 1 4 =+ 4 [ 07 1
2500 12 £ 4 [ 08 1] 6 =+ 2 [ 08 1]
5000 12 + 3 [ 08 1] 5 £ 5 [ 08 1]
0 66 = 10 66 = 7
3125 71 + 6 [ 11 1 62 = 15 [ 09 1]
Test 625 71 + 5 [ 11 1 71 £ 9 [ 1.1 1]
TALO o tion 1250 67 + 4 [ 10 | BB+ 2 [ 10 ]
2500 73+ 4 [ 11 1] 64 = 4 [ 1.0 1
5000 68 + 12 [ 10 | 71 = 8 [ 1.1 1]
0 9 =+ 3 10 =+ 2
3125 0 = 3 [ 11 1 8 £ 2 [ 08 1]
Test 625 0 = 2 [ 11 1 100 =+ 4 [ 09 1]
TAISSS o tion 1250 2 o+ 2 [ 13 ] g8 + 2 [ 07 |
2500 9 + 1 [ 09 | 9 £ 2 [ 08 1]
5000 10 £ 4 [ 1.0 1] 100 =+ 5 [ 1.0 1
0 T 1 5 = 2
3125 8 + 1 [ 11 1] 5 = 1 [ 09 1]
Test 625 8 + 1 [ 10 | 5 £ 2 [ 1.0 1
TAIST o tion 1250 7 0+ 2 [ 10 ] 5 + 1 [ 10 |
2500 6 + 3 [ 08 ] T 1 [ 13 1
5000 6 £ 2 [ 09 | 7T £ 3 [ 13 1
0 2 =+ 1 B = 2
3125 32 = 2 [ 10 1 34 =z b5 [ 1.0 1
Test 625 32 + 3 [ 10 1 32 = 4 [ 09 1]
Whzword o tion 1250 39 + 5 [ 12 ] 31+ 4 [ 09 |
2500 31 + 5 [ 10 1 3r + b [ 1.0 1
5000 38 + 3 [ 12 1 40 =+ 9 [ 1.1 1]
Positive controls
TA9S AF-2 0.1 331 £ 14 [220 ]
TA100 AF-2 001 3 + 6 [ b4 ]
TA1535 NaNj3 0.5 224 £ 9 [240 1
TA1537 9-AA 80.0 75+ 14 [ 1029 ]
WPZuvrA AF-2 001 204 0+ 12 [ 64 ]
TA9S 2-AA 0.5 232+ 9 [ 116 1]
TA100 2-AA 1.0 04 = 7 [ 152 1]
TA1535 2-AA 2.0 238+ 26 [ 230 1
TA1537 2-AA 2.0 194 =+ 6 [ 364 1
WPZuvrA 2-AA 10.0 243 £ 249 [ 69 |

¥ No. of colonies of treated plate/No. of colonies of negative control plate
NaNjs : Sodium azide, AF-2 : 2-(2-furyl)-3-(3-intro-2-furyl)acrylamide

9-AA: 9-Aminoacridine, 2-AA @ 2-Aminoanthracene
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(1) AR
oAl A AR Agvtels mAR BgAE A 1F @AMl o8 Az8 B

FAE AHE sidlod, Axd E S3AE dFvE S-Ad 5 mg¥ EFEe] 2

i t
E3A1e) dx 2 HHHI= Zetasizer Nano ZS (Zen 3600, Malvern, US.A)Z =
Aottt Aol Hadk Agvtol= yrdi HI3HAE 2 mgHEe] TR 20 mLel
7

% ultrasonication (750W/cm2, 809 amplitude, VCX130, Uibracell Sonics
& materials, USA)E o] &3} 0, 1, 3, 5% X3 & 1 mLE FHF 9 mLol #Ah
AlA A8 3 1 mLE FHate] A& celld Bol SA3ATL

N
A5 = ARA(CR-10, Minolta Co., Japan)E ©]83F9] WX(L, lightness), 24 %(a,
redness), = (b, yellowness)E WHg A3l Hagtoz et

(28 1] Agvtol=-Elied =94 &2

A; stored for 0 day. B; stored for 7 day in aluminum pouch



e

A
W

R

B

B R HER L

=
e

A4 s

o
T

~
o

A}

TR

aggregation d/o] ©] @Wo]

A BT}

ol AL HAZEIAHI} aggregatione] wE

=s

- Betuofof & FA|4olet AL

10000

1000

100

10

01

Size (d.nm)

H
e
iz

P el w9

S

Jol A3
nle} o] Azre] Al w7

-
1.

o] 18 1oA H

_?4

A

@]
o
9l

re) 4
13} 29 3ol Ae) Aol whE

o7 dds dErden, A

2 59le] we qime] Ape|=vt =i Gexe) we

e
=

ojm)7} givbat AbmE e A A3

z}ol =
aggregation ¥ o]7 YAEL M|

)
s

0]
H

-
it

o
I

o z

3

]

S oA

a

A

I

&l

Azkel

:

of

a7 A

H

oF



[ 8] A% 7ol we} 253 #347] 53 Aol wE Algvpo]l=-d2EY 53kA9] 4=
A7) M3
(d.nm)
Storage time Ultrasonication time (min)
(weeks) 0 5
1 32191.89 + 38695.04 46240 + 16197.14
2 175500 + 175799.3 23152.11 £ 8546.29
3 299623 + 382557.4 1634.2 + 1634.2
5 298244 £ 498757.6 805.95 + 119.67
7 621778 £ 7803.79 180456 + 558.19
9 bR66.67 + 7425.19 7557 + 104.28
11 77848.33 + 29242.39 1665.62 + 1001.56
13 127749 + 104.18 317.76 + 7795
15 1469.37 + 1326.83 48903 £ 11.88
1e+6
8e+5 4 r
Be+5 - T
'g 4e+5 -
T
_g 2e+5
n
0 . Lo
-2e+5 4 -
-4e+5 T T T T T T T
0 2 4 6 8 10 12 14 16
storage time (weeks)
—8— Without treatment
—O— Treatment for Smins
[29 3] A&7kl upe} of upE

JI'E H‘J'
moi'
E
iRy
_|>i
X
~

Hepvlol =2 A
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99} 1 4ol A A]
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H

0] =
AR

= 77kl
o] 9t} e =77} BLe AL 30 mV (

} (Zeta potential)

xHds

AT,

P

34

&

%) @) ol
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L
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F (aggregation)ol T
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B ar vl (ASTM, 1985). A7)
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A Al 3R

bz

Al zeat 247

-
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2

=
T

Aoz ol (1

-
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A3k ghol #AA

w9

%

2ol uhe}
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R
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ol

¥
ojy
TR
Njo
ojy

Aleetol

=
L

g #37] 5 A el w

o
I

of wzh %

T

~

9] A&7

-
it

[

(mV)

Ultrasonication time (min)

Storage time

(week)

-8.30 £ 9.51

=942 £ 4.40

2827 + 0.32

-15.39 + 5.80

2827 £ 3.19

-16.14 + 7.78

2841 £ 444

-22.05 £ 9.05

2898 + 491

-18.86 + 17.91

-30.03 + 2.188

-1554 + 5.86

-26.76 + 8.25

-23.27 £ 9.53

11

-338 £ 1.62

2706 + 5.25

13

=-25.17 £ 0.85

-16.55 + 0.97

15




10

-10 4

ZP(mV)

=20 4

=30 4

-40

[ 10] AlZ}wo]=-d

6 8

10

Storage time(weeks)

—a— Without treatment
—O— Treatment for Smins

[ 4] A3

Ao o] -

Sl oo
EESAAS IR SR

87) 58 Ao ohe
EWA3 W
10014 Hiz wheh 2 A% ghe 103
71 F MmO WEE e 9%
golup g7lel 9@ @ go] Lol

14 16

Storage time

(weeks) L @ *b
1 92,6 £ 0.2 05+ 06 86 = 02
2 92.8 £ 0.1 0.3 =+ 04 88 £ 0.1
3 93.0 £ 0.3 0.1 £ 00 91 = 0.1
5 923 £ 0.1 0.1 £ 0.1 86 = 0.1
7 929 £ 0.1 05 £ 00 9.7 £ 00
9 925 £ 0.2 05+ 00 9.1 =+ 0.0
11 92.0 £ 0.1 04+ 00 9.1 =+ 0.0
13 914 = 0.1 1.5 £ 0.0 6.4 = 0.1
15 91.3 £ 04 1.5 £ 0.0 71 £ 02




h "=
727F AT el Bgd AF 1 mLg EvF 9 mLol /e v #dE 3 F 107
74A] Bl ste] Al Eoll AREEA T AukAAFS  nutrient broth(Difco Labs., Becton,

Dickinson and Company, USA)dl 0.1% agar(Bacto Labs. Becton, Dickinson and
Company, USA)E #7}ate] ool A 107 34 S petri dishel 1 mL #F3to] 37T
ol ] A8AIZF wekEl AL, &R W FFo]iFE  potato dextrose agar(Difco Labs.,
Becton, Dickinson and Company, USA)S AF&3}e] 25CelA 3~5¢ w3t A=
colony®] F& Hctoz AFsle] A& 1 mLY colony forming unit(CFU/mL)® ek
WA

H

2 xHAEsk

o odx W F T Zetasizer Nano 7ZS (Zen 3600, Malvern, USA)® =
Astalck 2ol na FAE 1 mL Azt S 19 mLel AR
ultrasonication (750W/cm2, 80% amplitude, VCX130, Uibracell Sonics & materials,
USA)E o] &3ty 0, 13, 3%, 60 HEd ¥ 1 mLE S7F 9 mLel #4AA 4

3} 3 5 1 mLE FH3e] A& celld] Hol A3}

h <

H3HA

=

=

A

L AT A

Aaggefo Aeiviol= Y dE H3AlE 2y 5ollA Holi= nheh o] £udt mlo|d
of gol &dFrlE YR A4 T Ao, 24T AZe] Afols 24 ne] g
EFotol a7 AT 2dA 0] 4 2mofFet dAgle] AAHE] A=
Ae BEL F 3U%la, 53] 4T A5 FEHAY o= A9 4§ 4TolA =347 7}
& owkEA AYs7) died dojd Ao w Atmdrt



(A: 0 day, B; 7 days storage)

o) Alepotol

o

111 4, 25Tl A3 Al ghv}o]

hyA
ar

[

(CFU/mL)

14 21 28 35 42 49 56 63 70 77 84 91 98

7

3

4T
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25¢
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25T
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HRol o] 1abd el olo] A A

4o A K=

-
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&7

o7 AtmdATh oA F 100€ 9 A A7)

A%A ergke}. wepa,
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712) 9] aggregation® 2 U+E}
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& ATk 1% ol Aol ek ksl vhebd GEREA vwd FUP
ez AMHE A4S FAT F Ak
i 12] 5% st 259 £47] Aol whE Aefviol=-EAER =hA] gqo] A B W3
(dnm)
Storage time Ultrasonication time (min)
(week) 0 5
0 14983 + 13596.7 12675 + 90.77
1 234889 £ 5414.54 1400.02 + 630.94
2 29961. + 20025.4 7804.67 + 11099.1
3 26787.8 £ 6246.73 2105.11 + 1057.38
4 202589 £ 57309 2691.89 + 873.63
5 3912.2 + 26612.1 8466.78 + 6495.7
6 135424 + 1970.56 2569.01 + 1703.71
7 13897.1 + 2667.84 105871 + 326.82
8 16548.9 + 1306.96 2119.22 + 1811.16
9 29971.1 + 12879.3 1218.38 + 320.52
10 39926.7 £ 21594.9 1551.01 + 381.16
11 13584.2 + 4419.95 127277 + 226.31
12 25608.9 + 21766.7 157821 + 526.53
13 31474.4 + 5718.41 78892 £ 172.62
14 12191.8 + 3998.07 57543 £ 7948
TO000
60000 B
50000 - ~
,g. 40000
% 30000 -
@ 20000 -
10000 +
o
IO é :1 IS é '1’0 112 1T4 16
storage time (weeks)
e e DAk
(213 6] 55§ 283t #47] Ao W AeiriolS-daEY BgA §oo 94 B W
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718 9] aggregation &
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=
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P

AL
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\._A.uﬂo

1 A=7F AX 7] wtel oL

o5

Aoz

—

Nl
il

B

N
P

)

UEIA el ohebA 28t B4

et E

o

=
A

Fol7b vhehbs Ao A}

Z

Ultrasonication time (min)

Storage time

(week)

=-20.72 + 1.28

-11.06 + 1.49

—-8.87 + 2,63
1888 + 4.38

-11.32 + 2.72

-10.94+ 951
-16.92 + 3.26

-6.33 = 8.60
-1397 £ 151

-16.18 + 4.05

-13.22 + 0.88

-9.61 £ 0.55
157 + 1.24

-1392 + 3.12

-1698 + 2.04

-14.72 + 046

-20.3 + 1.37
-16.01 + 3.74

-13.67 £ 1.87

-1497 £ 1.24

-12.89 + 7.83

-12.39 + 6.58

10
11

-1096 + 1.32

-11.58 + 6.71

-15631 + 2.75

-12.41 + 2.29

12
13
14

-1097 + 957

-13.76 + 1.38

-1494 + 1.27

-1391 + 255




_5 - R
-10 4
=
=3
o
P
-15 1
-20 - 1
—25 T T T T T T T T
4] 2 4 (<] 8 10 12 14 16
Storage time(weeks)
—8— Without treatment
—O— Treatment for Smins

L Algtetel = b &

s

A In vitro A3tE WE dE

[=1u]

EE FE 5B atch) —
1 Pancreatin(bBatch]
B PBES(Two-phase] e
1 Pancreatin(Two-phase]

S0

a0 |

30

20

Ceramide released{%)

10

u] T T T T

[ ] 2 =] 24

Time{hours)

[28] 1] ¥7Fx tt2 921(Batch and T'wo-phase system)ol A A%

By Ast Bh PE 5A

- V-amylose complexy a—amylaseo] 9]&] digestiong < ¢lat w#}A] polysaccharide
Ak oy Fx=
2o, a-amylase’}

helical structure ¢toll X% bioactive compoundE W3t

guest compound& A7H+| sl oz Mg FJezE FRkek



A o] 2 tHR. Cohen et al, 2011).

EulE wf AAelA WEE 5 de AR
Bt 25y AMegvto]z=eo wWrEWE S 244759t pancreatin digestiono] &3 HAE
H A

= WE2 PBSAA Huk A E9hE(Batch system

Pancreatic solution®l 4] 2] Al &}u}o]
7} Two-phase system 5ol A)
st FH A= 6A12be] =gkl
ha DA g

I

E{o{n
5
S
c
>

2. Alglvto]l= Umd B 3o 3 of
7h Algivtel= e 24 9 B4

(1) g9 AAe
Serum 50 uL¥& chloroform/Methanol(1:2) &wl 2 mLel A3 ¥ Awds& F53)
5 A2 (1000rpm, 10min)

o] % chloroform 0.5 mL3 water 0.5 mLS #H7} 3FaL

=
3 B H7)ES HI fU=S Hela 3 &9 vhA] 3 WA chloroform 1 mLE
AaE ol &3] A F, P2 ToEE 1AFHESE 50TelA

=0
O o

M . i

isopropylalcoho 2 mLell ¥4 A 71t}.

(2) Standard

ot
i
o
H
ol
i
i

= (DS-DERAMIDE-Y30)E isopropyl alcoholell 1% (w/v) &%

Az 3435ty standard curveE 2HAd gkul

o
2,
o

ﬁi

TSK gel silica—60
(Tosoh Bioscience, Montgomeryville, PA, USA)

Detector Refractive index
(Shodex RI-71, Tokyo, Japan)

Injection volume 100 pL

Mobile phase Isopropyl : Water = 7 : 3

flow rate 0.4mL/min



200

150 F y= 131732 + 04375
Hz= 1

o -

Imtensity

m
=
T

0 Q.05 0.1 015
Ceramide conc. (%)

[Z19 2] Alghetol= A =4l

L}, SD ratoll tigh Algtrte] = Mgvtol= Y d BE3HA 9] A o]&A] vlaL
(1) in vivo AE )<l

DW &0 Ceramide &0

-7 day -1 day 3.
E

Oh AEEA 9@ fxrEA
O AEEA  Aggvtel= YA E 53 (A o))
@ NEEZA : AFvtel= (DS-CERAMIDE-Y30, DUSAN, KOREA)

A
&
2,
Ac)
i
o
i
g
i
O
gl
=
2>
=
-
5
=<
o3
i
=)
-
wn
o>
z
>
Q
=
el
Z
o
il
Au
42
o
ht!
(ol
o g

(h A &EA

O &% : Male Spraque-Dawley rat

@ THd ol oG A(FAHA TR ST AW ek 113)
Q@ Fof A 7 2 AFHSY 1 7T~8F%, 200~249g
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=
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O 24

BoA¥e @4 &% 209~225C, AUlsE 495~50.8%, 7] 35 10~153]
/hr, ZEAIZE 12417 (S A8A ~ 2 F8A]), & 200~300Luxe] FE A% HoA A}
59 §&FE Fodsto ¢35 2 A@7IE sk A AT

(vh) 72
AA AL mee] FAMAS AREEe] Az e Ao, ARkl Al Y
Mz, s, AN E 7R AN R EE B3kl

() ARRAS) FAHE L Wy
AFAEE Aeste] Rolshgla, APTelg FAY(EUNE olgstel el 13

Al Folshet,
(3) B4

(7h doe] A3
Aol F 0, 35 6, 85 11, 24743 H -
(Decapitation)3te] @& A AW AHA EHL serumS = #2 §F &4 A7HA

—20TC el A B3
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Starch
complex

Physi

[19 3] 758 A=

(Left; dextrin-ceramide complex solution, Right; physical mixture (standard))

cal

mixture

SD rat of Ul MFviel=e] Aol &4 Hojel AT Folg AmE o9 39 2k
EAg e Axd AEE wEd FAdez Ay YA, Td sE9
physical mixture(standard)®] 7-$-olli= Algjvfo]=r} mi= okAS Hltl o]# 3 Alm
2 A7 Foq T Add serumS E43% A= a9 43 g2

---#-- Physical mizcture
0.08 ~--0e-- Dextrin-ceramide complex
g
=
D o068+
]
M
]
al
al] T .
(W) N
8 o.04 i S %
= . o S e i
o .
L
0.02
.00 T T T T T T
o g 10 15 20 25 30
Time after dextrin-ceramide complex intakea (hr)
(2% 4] A A7 & Algd g9 Aol v=
(0, 3.5, 6, 85, 11, and 24 hr, respectively). The rats were orally administrated dextrin-ceramide
complexes (white circles) or dextrin mixed with ceramide (black circles)

- Serum ol A Aol WEHE £E& HAolA ATFC F 24N B HAE

Wokth S 0, 38AI ol = AT thEa Abold 2 xfolrt gldlut. A 647k =

dzws 497 Aol §4& Aol FusA ety GaEa-Agvios HgAe



A Aol =9 Fris 005%%2 HuAE dedth o ol Fo] F4ge gass 4
< KT dlx%] physical mixture®] AH-¢ 6A13Fe] Ul oer ©e SF4ES K
o= HAE-AMgvtol= EFA 9 AHg AAolGEC] v Hrhe AE on|drh spA| R
8OAIHF-H= w3y A9 F5&0] AY Hd oz Faste Ao #yn
A e AR RS oA, SEA
1. #HA e wigin] 44

Mg Megetol= yrdiE HIAE Hrbste] SE5E Axsy] 93 i@y AA A
of FPHIt It ow FH+= M gl 3 Az} FHEE T 8doE HriE £ e
dH H7ts = 987 2t a9 548 3 A7 ARAI7I =7k wel el §e]zF 2y

glojo g Aelr},
Algetol= gmel &8 100 mL 7|Fo® xﬂZﬂMJﬂ 2

gofole S W= i m,

mgol THHEE 60%9 Aﬂﬁ}‘ﬂME% EFeta gle WHME tedE SRAE

006% H7bstsiom Aol Aga Autel= gmel wigvlE E 1o Jehigivh

2z
do
)

=)
=2
2

N
i)
i
e

[32 1] HH9 Agivtel= &5 wighv] A4

1 2 3
A5 g 4% By 4% EEi

AMlEfato] = AEhalol = Aghlo] =
Xdlg‘l‘f]—%?}iﬂ (60%) 0.0 Xd]l‘j‘l;%?ﬁﬂ (60%) 0.0 Xd]l‘j‘l;%?ﬁﬂ (60%) 0.0
2l e = 320 A= 4 a4 15.0
EH = 1.00 B A 106437 AL E 0.6
NI 150 EYYzrErns 3 Artat 0.5
TA 0.32 H|EFRIB2 0.00061 A 0.35
AFH 0.08 HE 047801  ®E®l C 0.15
vl el 52l gk 005 A 001912 FANHEE 0.04
Y gl qkotn] = 0.01 TAMYEE 0.01912  ®|EtRl B6 94t 0.003
TFAYRA 001 L-¥WE 0.0001434 HlE¥ Bl €4+4d 0.0003
HIER C 0.15 # =1.-500 0.054173  AA+ 83.7967
AT 9362  AIERIC 0.03824

22 ¥ 0] 'S 2 0.01912

@ | Akobn = 0.00956

AT 81.6583
Total 100 Total 100 Total 100




A Aol &8 WIE ROR sha whh

o, Akt gF, @2 E she] 37)
A gbE 2 Aol SR E JNEElen 37bA e e xddte] HH9 VA
S e gEe =T
b o Aol Sme] HAe] JFA AT
vty g Arbstel Alzd mhud ok Agelels $uE Ayt £ whht @
o] e ATt HAo VzAe st wigmE 2] 9% Aol Fasglen A
of wighuls= 3E 29 2ow, de Ak A= ¥ 1ol YERHAT
[3£ 2] Phuy ot AlEietol = &2 Hi gy
A% o3
Ageel thedd
B34 (60%)
2 % 4
NI 10.6437
Lo rER 3
Hh LS 1.4659
HE 0.47801
TAA 0.01912
TAMYEE 0.01912
HprpLt g 0.1912
# =1.-500 0.054173
HERIC 0.03824
2 gn) EE 4 0.01912
@ | Akobn = 0.00956
H|EFRIB2 0.00051
L-4W& 0.0001434
AT 80.001203
Total 100




Overall

a:ceptablit\,ﬂ: Aaver
Taste
[ 1] whob) g Azkebel= gmel wE A At
v A Bb Alelrtel = S5m0 HA Y e AT
At ge Hbstel Alxd Akt Bh Algvle]l = £ RE AlE
& ZAste] HA9 7|ZAE Zte vPguE 2] Qs dEol S
H= 3 33 Zow, dsAAr A= 19 200 YER AT
[ 3] AF Bt Algvlol= S5 v §hv
A= Bk
Agtetel = e d R
]?}»} | o 0.06
5514 (60%)
Az 4
N g 10.6437
ZgUr~ERZ A 3
Ab 5= o 1.4659
W 0.47801
T4t 0.01912
FTAMNNE S 0.01912
A} 2} 3F 0.1912
#H =1.-500 0.054173
HELTIC 0.03824
2~ 1] Bl & 1] < 0.01912
U@z E Aol = 0.00956
R EFTIB2 0.00051
L-¥v& 0.0001434
A A 80.001203
Total 100
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1
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=

o % A4 A

th emA} gk Mejutol = SR o] FH Ao V| EA AT
emA s Hrlste Axg emA ob Adetol= S8 E AlXS
o TS st HA9 73S e v E 2] 9dl
o] vigvl& E 49 #ow, I A Ade 29 3o HEhiSlith
4] em A} gt Alghuio]l = -5 6] uj g
xﬂ?ﬂfME Ve 2 0.06
B34 (60%)
FARE 4
N A} 2} 10.6437
ZgrER A 3
Q1) A}E % 1.4659
R 0.47801
Tl At 0.01912
TAMIEE 0.01912
Lol P 0.1912
# =L-500 0.054173
HIERIC 0.03824
E R R R 0.01912
Yz gl atolm = 0.00956
H] e}V B2 0.00051
L-WE 0.0001434
AA 5 80.001203
Total 100
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acceptablity

(719 3] 9Pl 9t Aetetel = 29 W A4 At

7h Algivtol= AR S3HACE FE 24 6] AA
o] Algbvtel= sgEe] B¢ 01~05%9 42 AEvie] =7t ﬂ%ﬂoiam. u}ehA]
B dgE awsEe] Agrtel=e] sAES Axstaa Adgutol= A s

R

%62 Absielon =AY A% $4Fe AU gzel weba ﬂ%k
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AT}, Ado ALy ZA

A9 on] Alghubol =} t)io]
o =
Blwel zey AAS RAE |

[# 1] Aebvbol= AF 2gA 24w

e 9 o 9 (%)
4715 22 9 % 30 35
I CEEEEEL 8 8 0
ehzof wz}A 8 8 116
W HolAE 45.6 40.6 40
. Aehetol = L2 gl 3 3 3
vy HEA 10 10 10
Vitamin E 0.4 0.4 0.4
Total 100 100 100

b Alevtel= AR EEA7}F dRH ofolay wign] A4
Agulol= A 7 Gt olzrgl o] wjjghy] = 20 WERS T olo] = e)

49 Aetrrel= A

BHA S 3%E s & 2
wste 2 Yepf ozl vpgitulol S onp 223 o do] ks 'l AW oo
A7) v E obolagle) 5 A4S B WASAT

[3E 2] Algiete]= ofol= g wighn|

Aol = ofo] 2

T 454 %
shohchule} o g 6.6 4 2
o Al = fr7ls T3n oY 4 6.6 4
mee G 223 o9 2 D 66

- H

B fF3ea 6 6 6
’/F}\o]'%‘ Xé Xﬂfﬁ 60 60 60
WIEHO|AE 8 4 0
5L 0 4 8
HohE mTe] WEA 10 10 10
Aol = Lhe B g 3 3 5
Vitamin E 0.4 0.4 0.4
100 100 100
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(1) A=

3 Agvlol= U

5k &

Aol A ARG

l‘ﬁ:

b

}o] 4, 25, 40Ce] X

S

date el

gkl

g

sl

=0

e
<

&

2

e
=

Pl
4

i3

sieving

KN
=

obfel A F-H 3 mL

} 31 Isopropyl alcohol 2 mLell #2FA 7]

S

==
&

= 5 mL

ojn

™
&

mg* ]

bele.
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HPLCZ A
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=

4, 25, 40CoNA Haww H A2 o

o=
= = S

FHATHZH 1.
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Storage time (week)
Storage
Temp.(T) 0 1 2 3 4 8 12
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3

& 4

off el A F-H 5 mL

o)
= =

A A

2=
Rl

shel A

7FA skek A

Ferg

Il
=1

of A7)zl uhet

&

o2 AmHACL 4TS A= 7}
3 cmelt}. upEkA

T
o}

G

ok
)

-
1.

°l 7 em AE oA 40TeA

o}

Hott. weha 2@ 20] Uebdulel o] AR zke] 4FE7HR

AL B3rA| 7L MR o =N B3 9

-
1.

—&— storaged at 4°C

storaged at 25°C
—y— storaged at 40°C

30

25 A

20 A

T
w0
—

(%) pIBIA

10 4
5

14

12

10

Storage time (week)

(18] 2] 125 FoF 4, 25, 40Tl A4 A epvfo]

i)
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) A=

B oA A Agd Aziels AR BFAE A IARCrED] 98 Axd
2% Agsded, g8 dwd fedel aBsld 4, 25 40T wps@A Ao
e A
2 28 Wy

(7} pH <rAA

At B (L8)E 5 mLA vlo]de] ¥} & IN HCL IN NaOH, 10N NaOHE A}
43k pH 2, 4, 6, 8, 10, 122 7247y xA3skal 3A7F g2olA B & Agfwuto]= 3
gyt QI WE 9 EAAS FlE).

D Agvtol= 3

B H 5 mL 5 oldfadAFH 3 mLE FH3l
# 8k Isopropyl aleohol 2 mLel ¥4FAZl F 50
# & HPLCZ A #akelt.

AAZX % sievingdt AZ 2 mg®
off 5l 1A &<F AMglufol =8 F

i)

3 offt

=3

2 5 mL & ol AMEEH 1 mLE H3a 57/

o T

T 9 mLE 2o 343 H
Zetasizer Nano ZS (Zen 3600, Malvern, US.A)Z =33t}

¥ 60, 80, 100, 120CeolA Z7} 202 B 5 Aleat
o.
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(b Agtel

o o Aeptol

s}
=1

ol pH7} <57}

KeX
=

Y

At thz= v al

AT,

glthal Az v

Aol 7}k wlEshe] & ojn

FARE L

S

25

20 S

T T
Lo ju
—

—

(%) epiLEJBd JO plal A

0

pH 10 pH 12

pH2 pH4 pHE pHS

control

pH conditions

A2t ol

i)

=
-

[29 3] pHel w

HRel @) pH 2

-
1.

40 Al K

A7 v euel A (A

bAu, pH 129 49 3

S

Aol7h Qi Ao et

L

o

—
o

=

Aol e

=3 ]
=

o] ¥W& pH

=
(¢}
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O Mol = 3

R Aghrtel= Yedi HE3A e EAde wE Mgviel= 3 A Z1y] 5ol
YERASE 19 o A Aol Hxwry vwgs o x| wel Agviel= gk
o] AWk oz FadtE FAE HYvh XY 1 Aol pHE wbErA = ule|shvba
AT 80Ceol ez XY E A € AF EFA Y dissociationo] Loji} At
o= AN Y2 A Ha e wE E4do] el Agivle]=e] Fafo] AT A
o= AR, A7 daEd-Agvtol = H3IHA| 9] o|gsta 54 F-Fo AAg Al x}F
MAFAE ol DSC 2ade VAR (To)7F BCAHAREDL o5 dTdF=

Fe ooty ¥ 5 Yk

oZi Jl

25
20 4
=
[k}
o= 15
E T
o T
(i)
S 10 4
=
o
=
g 4
0 - T T
control BO°C Boec 100°C 120

Temperature conditions

[Z1%] 5] dAg 2=e wE Agpviol=s &89 FEA

ri
i
ot
e
b
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-207C

25

20
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(94) Apilelad jo pjary

0

-B07C

Control

Freeze-thaw conditions

19l 8ol HER A

Br

+

=

o)
=l

Atk whehA

A ol gt Weka @ 4 g,
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(1 A=
el AR Agvbel= AR HebAls Al 19 EsGiE el o Alx=E %o
ol 7hAaL A 1/‘%1 (F)mEZ]AA XﬂZiI} ZA, ofolad, tE HF WS A

7kel A48kt

ote] & HF Z+zbo) Al EWS 05 g FH3del ACACHHOE 10

(1) pH
2A3} ofelaye] AR 05 gol AAFE Hkstel £ 5 gow wF EYT F &

o] pHE =A3H Y. pH meter(pH510, EUTECH, Smgapore)%: AR&3Fe] 2541 T
A 33 HkE =74 skt

(h 9=

FAEol xuk =] B ooEAe] AY|E dx BAU] (Zetasizer Nano ZS (Zen
3600, Malvern, US.A)Z ZA3ATh Fo A FHE AR 1 g2 FHstd TH/HSF
9 mLell #AEAIA A & 51 mLE Aol G cellol ol S48

() 9lke] WA, WAy
AR ARe) WAl W, Ay W 2 o ARe Bedon Wolear.

=

F
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(1) 9 Agetolm-giEd BeAst G4l F9E
« A; anti wrinkle balm (L-control, R-with starch complex)
* B; eye cream (L-control, R-with starch complex)

+ C; lotion (L-control, R-with starch complex)

(1) ZAES

A4\ HE BHESS FAES BY F FUR A9 AFE) wo Bk AR
2 EW #¥ FF 24 o 2434 HA 3% HYE FTRES WEHE T
213 100 el QFE WE W, ko] =Y, A mE AR/ BE pE 3
el apol7h LhehA sk ol el 8700 SAEel wuE wE FE we W
g g Row AR

YAt FRE P EAZE W

Moisture content (%)

storage

time anti wrinkle balm eye cream lotion

( with starch with starch with starch

week) control control control

complex complex complex

0 0.03+0.01 0.11£0.02 66.77£0.02 65.56+0.30 80.38+£0.46 79.98+0.70
1 0.060.00 0.14+0.03 67.31+£1.00 66.60+0.32 80.14+0.11 80.04+0.49
2 0.08+0.00 0.10+£0.03 67.32+0.02 66.25+0.19 80.51+0.30 80.24+0.33
4 0.08+0.00 0.15£0.01 67.33+0.17 66.18+0.37 80.57+0.03 80.89+0.16
8 0.07£0.04 0.13+£0.06 67.04+£0.10 66.25+0.13 79.21+£0.35 80.98+0.14
12 0.09£0.04 0.13£0.02 67.42+0.54 66.39+0.17 80.44+£0.52 80.92+0.70
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100

80 - 6—o0—0—0 —— o
n—rr—n T ]
60 -
9
= dnis
=
20 -
0 o—L—0 O O O
-20 T T T T T T T
0 2 4 5] 8 10 12 14

Storage time (week)

—&— Anti winkle balm control
—0— Anti winkle balm

—%— Eye cream control
—&— Eye cream

—i— Lotion control

—0— Lofion

[Z29 10] 1257 &<t A" Algpviol=-g2Ed SqA 7 9 abdEe] i

A747I13el W& pH ¥M3= 1 29 29 11 YeEdAY pHSY WHstE S8 sdE <

% shseich. ofol A mA BT Rl pil AR} Ehge.
| AR RS Fa vk wekd Az SAES A0
44 o]zt wolx grow, 3ol Mgl AT FUE AE
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pH
storage
time moisture cream eye cream
(week) with starch with starch
control control
complex complex
0 4.24+0.01 5.17+0.02 6.32£0.01 6.84+0.04
1 4.00+0.05 4.79+0.02 6.10+0.01 7.21+0.05
2 4.19+0.19 4.93+0.02 6.24+.02 7.25+0.13
4 4.16+0.03 5.07+0.03 6.13+0.03 7.02+0.05
8 4.16+0.02 5.01+0.08 6.09+0.04 7.10£0.05
12 4.18+0.01 5.03+.06 6.13+0.01 7.07+0.02
10
8 .
ﬂ/ﬁ——ﬁ-—‘__ﬁ — s
&4 ‘Fu..'__...m—_.___= - -
I m\o‘-_‘(}______c 1
o
4 4 .‘-s‘-——‘i__‘ &
2 -
D T T T T T T T
0 2 4 1 8 10 12 14

Storage time (week)

—8— Eye cream confrol
—0O— Eye cream

—w— Lotion control
—&— |otion

(29 11] 125 &<t AFd Aletvtol=-g2Ed S¢A7F of9 3Hd3re] pH 3

WX A= 83 3% 29 120 yvERSITh SAEY] dEREE AT

dAe =] WMEE EAstaat sk 1250 9= =4 4

% osize7t AR Buh AAS] AA wstow AXT|de] mE Aol
Hr}. o] starch complex?] &4 aggregation 38+ A Aol

of ol& H7Fg shFEY 9k Atol=vt v SR Atz Hv AN Alxd H3A 9
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s A A7z wE R WEvF 2A] got HFAE AP E2A F3IF A=
A e AoE A Rd
[ 3] 125% B9 ARG Aetrtolc-gnEd BgAst F59 53E 44 Aol = W
size(d.nm)
storage
time moisture cream eye cream
. ith starch ith starch
(week) control Wi stare control Wit stare
complex complex
0 920.5+91.6 10986.7+410.5 1286.0+£99.9 2927.0x95.1
1 973+21.3 10450.7+£955.7 487.6+14.9 32069.3+£422.77
2 911.5+2.7 11136.7+1044.8 308.3+81.6 3332.3+56.9
4 991.1+10.5 11576.7+666.5 839.3+42.9 3318.3£107.4
3 965.7+19.3 12200.0+1388.4 791.4+83.0 3278.3%1156.5
12 1037.9+51.9 11780.0+1126.5 860.6+52.1 3250.3£913.2
16000
14000 -
12000 1
10000 -
E 8000 -
o
& 000
w
4000
T o -
2000
4 5‘::;:! 4 ¥+
6 2 «Il I6 é 1I0 1‘2 14
Storage time (week)
—8— Eye cream control
—{O— Eye cream
—w— Lotion control
—&— Lotion
(29 12] 12%5e A%S Aavlol=-dasd BgA7 g8 53F) A Aoz

2}
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(4) o|¢e] W3, ¥

4ol R SATE o3t

ARl A, &

el7) 5=

=]
o

1252 74#) 29 9

i3

BEAE AR oEA WALE A evlol

€ye cream

moisture cream

anti wrinkle balm

storage

time

with starch with starch with starch
control control

control

(week)

complex

complex

complex
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Hiwen

2000 | D8

(60T)

Az=2v|
51

H32¥DI
(100C)
2000 L

i

544
w21 A
_ 544
T
s
sa/8
(28 1] g A Alx 3=
L8 S o | o
- AA Axgee AATEE SRR | B/YE 7FASY] AaeeS AA st
- 2000 L Al 1xwkz]o] 1000 Lol AASFE Yar, 982 kg9 H2EHS €HE& U o
7)1 & o] &3] Zral Al wukA 71
- A2agr7)olE 117 kgo AMErtol=<& @il Ethyl Alcohol 80 LE 2o & wyl7| &
o] &3lo] # FE-AkA7IT}
- Aluykr|e] diaEgo] AAGo Z Hibo] ® AL Fld vl dudr|E B 120
TZ 20537 71438k & A3yl = o] 43},
- A2nwEkr) o] Mgvtol= o8& 50T dudr|E E4AA 255 S 5T A3uyy)
2 o]F sy}
- o]y drEY LAy Avlo]l= LEE FA 3 A
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ot 9AF HER wWehEA WA
- §hgo] gy WhgES AAEYIVIE ofFAA °of 5000xgel A 153 AAEEE A
- d4EY @ HHES FHE AN F ARRAR o|FAA Hadt
- Agaae] ugd AARS SAAE o] Buay AnE 27 s FUAR
= oA
2 73;(ﬂx4 }\]_{:Eﬂ 7HHE¥
7t 47 A4
S ey oozw [Tz =g P4 SiEE EEEE T
2013.05.30
— g 1000 K - | 10kg*10ea 90% SE3 | HE A
HED : ceramide E2TH 22 g g wEE -;.ii'ﬁEE
1 2l ij=H| 3. AE L Oh| 1= = 20,0008
No| ERES HiZH| i SEE) | AsA 2 [FOOE[HANH] ==
1 ic 1071 78 100,138,500 | =4 2| 1 g g
2 89.29 g210] 3333 3,273,639 | Lha e 2 9 5
3 80| 2,606 208,480 = 2 9 g
4 000 P 3 9 9
5 LoH A 36
[
7
g
10
11
12
13
14
15
16
17
19
20
7
23
25
26
27
S =H 103,620,619
2. ZHEHA
No.| BW= CHe
1 ea r
2 &s ES 115,900,077
3 == 11,590,008
a B 142,046
5 A 127,632,131
&
7 HHA x Sf
1 000 /
SR=HA 10,800,000 (VAT E) 127,000 / kg
(29 2] A7) #A A=
- WFFES 1000 kgs GHE 3t AMgvtol=-dAEY HIA % kg 127,000
o] AANE HEEAT.



Rl 2R 2E-R(CD)E o] &3 Agtvtol= BFAE Ax3H7] AF By CDE A3}
At E3hA Ao zE wuk R Y Slurry Complexation R8-S AF&3HA T}

ARHH L 50CE 7F23E Eo CDE &8A17]2 Aol =y 43 &34z F
CD &stels wuksti A Agpviol =7} &ad &als <& HHT 4o Fi &ald C
of Alglviel=rt XHE F AEE FEI AZES wrRke vk FEE] wwkdk §
5593 ByAxs

Slurry Complexation 2

b 2P wsia BYAzsv).

[ 1] 23l ©& CDS Alerto] =9

O
-/
off
b
X
(o]
O
X
X
L)
b
J
&L
3
(ld
(e,
il
ki
>,
i)
=
o,
i
It

. AN Slurry Complexation %
a-CD B-CD ¥y-CD a-CD B-CD ¥y-CD
Mol 2 Yl AE ¥ (g/100ml) 40 5) 40 90 90 90
A 2falo] = (g) 20 2.5 20 25 25 25
[E# 2] Solubility of Cyclodextrin in Water(g/100ml)

=5(T) a-CD B-CD ¥y-CD

0.5 6.8 0.8 9.1

15 8.6 1.35 18.4

20 10.1 1.55 23.2

25 13.0 1.85 30.0

30 16.0 2.25 385

40 256 3.52 63.5

45 32.3 4.45 7.2

30 43.5 0.62 93.8

60 66.2 9.02 129.2

70 87.6 15.3 163.7

80 109.3 25.3 198.0

90 131.6 39.7 -

A7 2 A : Corn Products Korea
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[ 3] AelgrzdaE-”e] Fx

=
¥

S S(Cavity)

hydrophobic,
hydrogen and
oxygen atoms

9|5
Hydrophilic,
Hydroxyl
groups
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> Narisup Uruoiya Hiaruronsan Jelly Muscat

3] A} @ Narisup cosmetics
A Zar ¢ Japan
7} A 6.49%

—
A% : Swanson Ceramides from Lipowheat
3] A} @ Swanson health
Al Z = United States

?f;:t.’,,’f,‘,‘,i’,ﬁ.‘ 7} A 19.99%

.9

A¥  Muji Lychee and Konjaku Drink
3 AF @ MUJI
A Z=r ¢ Hong Kong
7} A L 1.54%
A+ : House Uruoi Syukan Grapefruit aji
3] A} @ House wellness
A Zar ¢ Japan
7} A 0 1.95%
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